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1.0  FOREWORD 


/ 


The  voirk  present «d  la  tUI*  report  «»»  pcrfonrcsed  toy  the 
Benraa  Corporation,  Santa  Mostica,  California,  under  Air  Fore*  Contract 
AF  0&-(635)-3TTT,  Project  6960. 

it  JT.  H,  Clary,  Detachment  V,  BTD,  Mo-Cbe*ical  Division,  Fglin 
Air  Force  Base,  Florida,  served  as  Project  Engineer. 

'fhe  purpose  of  this  study  sa*  to  establish  the  feasibility  -  or  oan~ 
feasibility  of  various  techniques  for  the  manufacture,  storage,  dissemin¬ 
ation  end  detection  of  several  types  of  chemical  reagents,  encapsulated 
in  small  gelatin  capsules*  Both  dissemination  and  detection  am.  In  the 
stain?  airborne. 

Physical  and  chemical  characteristics  of  the  capo  tiles  themselve*, 
a*  veil  as  study  of  the  behavior  of  the  reagents  am*  undertaken,  to 
see  if  a  total  weapons  system  concept  van  attractive - 

The  purpose  of  the  system  itself,  is  the  working  and  detection  of 
indigenous  personnel  involved  in  clandestine  activities,  in  arena  not 
easily  monitored  by  electroangnctic  or  other  methods  of  detection. 

Publication  of  this  technical  documentary  report  does  not  constitute 
Air  Force  approval  of  its  content.  Distribution  in  this  form  Is  intended 
solely  as  a  means  of  achieving  prewpt  and  efficient  dissemination  of 
Information.  Emphasis  has  been  given  to  timeliness  rather  than  formality. 
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2.0  ABSTRACT 


A  four-month  study  involving  2000  man-hour*  of  library  research* 
laboratory  study  and  field  testing*  was  set  up  u>  prove  the 
£*ar.«b-'iili.v  cr  *wa  "'•anriyfelliiy  of  the  concept:  the  marking  and  detection 
of  individual#  with  air  disseminated  encapsulated  reagents  which  remained 
inactive  until  released  by  the  activity  of  the  insurgents 

The  program  wae  divided  into  several  task  a  rest  i  *c*rning  the 
manufacture  and  characteristics  of  the  capsules*  the  environmental  and 
micro  meteorological  factors  which  would  affect  capsule  life  and  behavior 
of  released  reagents,  the  airborne  disseminating  mechanism,  and  the 
various  methods  of  reagent  detection* 

Studies,  computations,  laboratory  tests,  and  field  tests  indicate 

Chat: 

1.  Encapsulation  is  feasible  for  many  types  of  reagents 
both  as  a  means  of  patting  chemicals  on  the  ground  and 

keeping  them  tbes?®  until  released  by  sasasy  activity* 

Z.  Physical  characteristics  of  the  capsules  vary  with 
reagent  employed*  method  of  manufacture,  age  and  environ¬ 
mental  conditions* 

3.  Micro  meteorologies  l  conditions  of  the  environment 
can  affect  the  diffusion  of  reagents  to  a  very  large  degree; 
this  area  requires  farther  study. 

4.  In  laboratory  testing,  a  chemical  exchanger,  suggested 

for  radiological  exchange  detection,  proved  to  be  feasible  with 
a  high  degree  of  efficiency.  *** 

5.  Calculations  and  preliminary  laboratory  experiments 
indicate  that  a  long  range  spectrometric  detection  technique 
appears  feasible.  Although  further  study  in  this  area  is 
dosirable,  practical  implementation  seems  to  be  within 
state-of-the-art  disciplines. 


6,  Fluore*cent  tracer*  on  the  ground  appear  ta  be 

detectable  from  low  flying  aircraft  at  night,  thereby 
providing  a  night-time  capability  in  detection. 

7__  Personnel  marking  by  employing  encapsulated 

chemical*  is  feasible  for  the  detection  of  insurgent 
personnel  by  ground  force*. 
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5.0  FACTUAL  DATA 


5.  1  INTRODUCTION 
5. 1. 1  The  Tactical  Problem 

One  of  the  most  pressing  problem*  that  ha*  been  identified  in  counter* 
guerrilla  activity,  ha*  been  the  inability  to  identify  with  certainty,  the  enemy; 
that  is,  the  insurgent  or  irregular  force. 

To  keep  an  area  effectively  under  government  control,  to  disassociate 
the  guerrilla  from  the  local  indigenous  population*  and  to  deter  local  support 
of  guerrilla  activities,  it  is  essential  that  a  method  be  found  to  reveal  clearly 
those  individuals  cooperating  in  covert  military  actions  against  the  govern¬ 
ment. 

The  effort  in  this  study  has  been  directed  toward  developing  a  pro¬ 
gram  of  new  techniques  in  the  detection  and  tracking  of  personnel  who  are 
located  in  areas  where  current  state-of-the-art  surveillance  methods  are 
either  denied  or  not  easily  implemented.  In  particular,  this  program  has 
been  directed  toward  the  application  of  various  physical  techniques  for  detecting 
enemy  troops  by  examining  gases  or  other  materials  resulting  from  or 
altered  by  the  existence  or  activity  of  those  troops. 

Any  technological  concept  which  is  to  be  employed  in  underdeveloped 
areas  of  the  world,  such  as  Southeast  Asia,  must  provide  the  military  forces 
with  an  acceptable  capability  consistent  with  simplicity.  It  is  believed  that 
the  concept  which  has  grown  out  of  this  study  should  fulfill  this  mission. 
ha  operation,  the  system  should  prove  to  be  useful  in  preventing  road  am¬ 
bushes;  in  tracking  and  plotting  jungle  paths  and  roads  used  by  insurgent 
forces;  in  indicating  security  violations  of  curfew  restrictions  between 
fortified  hamlets  or  positions;  in  noting  local  force  concentrations,  bivouacs, 
or  buildups  in  areas  of  heavy  foliage  incapable  of  surveillance  by  electro¬ 
magnetic  techniques;  in  revealing  focal  areas  of  activities  like  the  location 
of  underground  caches  of  supplies  and  weapons;  and  as  a  means  of  marking 
those  individuals  who  take  part  in  clandestine  guerrilla  activities  in  the  area 
in  which  the  system  is  employed. 
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TREAD  {Troop  REcognition  And  Detection)  is  an  overall  concept 
developed  by  The  Bissett- Berman  Corporation.  It  entails  the  e  neaps  ala- 
tion  of  various  types  of  chemicals  and  reagents,  the  delivery  and  dissemi¬ 
nation  of  these  capsules  or  seeds  to  the  area  of  interest,  and  the  detecting; 
of  'those  gases  or  materials  released  from  their  capsules  by  the  activity  of 
enemy  personnel. 

Chemicals  contained  within  the  small  encapsulated  pellets  scattered 
on  the  ground,  are  released  when  pressure  of  an  individual's  footstep  or 
a  vehicle,  ruptures  the  capsule  wall.  The  released  gas  or  agent  is  then 
detected  by  appropriate  airborne  or  ground -based  detectors.  See  Figure  1. 

Since  the  inception  of  this  concept,  a  great  many  detectable  agents 
have  been  suggested  and  many  detection  techniques  postulated.  One  of  the 
major  endeavors  of  this  study  was  to  weed  out  those  techniques  which  are 
unfeasible  because  of  encapsulation  and  dissemination  restrictions,  because 
of  environmental  instability,  or  poor  detectability.  Those  methods  which 
appeared  most  attractive  for  one  reason  or  another,  were  given  intensive 
study  in  order  to  show  that  feasibility  indeed  existed  and  to  determine  what 
type  of  detecting  equipment  would  best  serve  the  purpose. 

The  entire  program  was  subdivided  into  a  number  of  task  areas, 
certain  of  which  were  given  more  emphasis  than  others,  although  an 
attempt  was  made  to  give  serious  thought  to  all. 

Figure  2  is  a  block,  diagram  of  what  might  be  considered  the  Troop 
Marking  system. 

Encapsulation  is  the  fountainhead,  so  to  speak,,  since  it  is  this  unique 
feature  which  gives  the  TREAD  concept  its  major  advantages,  i.  e. ,  airborne 
dissemination,  long  life  on  the  ground  before  activation,  covertness  in 
position  and  under  detection,  easy  storage  and  handling.  This  area  there¬ 
fore.  received  much  study  and  effort.  It  was  imperative  to  know  if  the 
reagents  of  interest  could  in  fact  be  encapsulated,  if  the  capsules  could 
take  buffeting  in  an  air  stream,  and  if  the  walls  could  survive  adverse  en¬ 
vironmental  conditions  such  as  humidity  and  temperature  extremes.  There 


Figujra  1 

Illustrative  Operational  Concept  Indicating  Relaaae  oi  Uround*Atr  Tracer* 


Block  Diagram  o i  TREAD  Cor.eopt  -  Troop  Marking  SyaUm 


was  also  a  need  to  determine  the  optimum  shape#  size#  hod  wall  thickness 
or  shear  strength  for  the  capsules.  These  needs#  and  others  d?  ‘eloped 
during  the  study#  were  met  by  advancements  in  encapsulation  *tate«oi> 
the- art  resulting  in  a  preliminary  capsule  specification  which  is  included 
in  Section  5. 2. 3  of  this  report# 

A  subsidiary  study#  the  possibility  of  irradiating  capeules  or  en¬ 
capsulating  raoimctire  materials  for  special  tracer  detection  techniques# 
was  given  some  consideration  and  will  be  discussed  further  in  Section 
So  5.  1. 

Under  the  general  heading  of  storage  and  dissemination#  several 
techniques  were  contemplated  such  as:  the  use  of  large  hoppers  which 
could  hold  hundreds  of  pounds  of  pure  or  assorted  capsules;  boonUctA# 
considering  the  possibility  of  modifying  the  present  configuration  ©£  rea¬ 
gent  container;  and  finally#  specially  designed  cansnnters#  configured  to 
optimize  capsule  storage  and  dissemination.  This  was  felt  to  be  the 
soundest  technical  tactical  and  ecoooiasc  approach# 

The  disseminator  itself,  required  a  design  which  was  amenable 
to  installation  and  use  in  high  speed  tactical  Ail'  Force  aircraft.  The 
resulting  conceptual  dissemination  system  design  is  described  fully  in 
Set-lion  5.  4.  2# 

Study  was  given  to  two  types  of  reagent  release#  assuming  the 
capsules  have  been  sown  under  tactical  conditions#  The  pressure  rup¬ 
ture  already  discussed  was  felt  to  be  the  method  which  most  ideally  lent 
itself  to  the  solution  of  the  problem#  i.  e.  #  the  detecting  and  marking  of 
ground  forces. 

Another  possible  technique#  spontaneous  timed  rupture#  would 
have  certain  definite  applications.  For  example,  a  helicopter  pilot  or 
"he  pilot  of  a  reconnaissance  plane  observing  enemy  activity  of  any  sort#' 
could  dust  the  area  with  capsules  which  because  of  a  built-in  disintegrating 
mechanism  activated  by  light,  oxygen*  moisture  or  temperature  will  all 
burst  and  release  their  tracer  contents  spontaneously  within  a  few  minutes 
of  each  other  at  a  known  delay  time.  Fighter  planes  or  helicopter  lifted 
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troop  units#  led  by  an  airborne  tracer  detector  craft#  could  fly  into  the 
general  area#  *  hours  after  capsule  release#  detect  the  localised  area 
where  enemy  activity  had  been  observed  earlier*  and  take  appropriate 
military  action* 

A *  this  was  not  a  task  of  primary  emphasis,  inconclusive  evidence 
on  the  feasibility  of  the  spontaneous  release  of  reagents  exists.  It  is  felt 
that  this  technique  offers  a  rich  potential  in  the  difficult  area  of  airborne 
or  ground-based  target  marking  systems. 

Finally,  there  -._e  the  detection  systems.  See  the  Block  Diagram 
of  Figure  3# 

Detection  ha*  been  subdivided  into  four  broad  areas:  each  of  tSiaee 
in  turn#  broken  down  into  specific  techniques. 

Airborne  Vapor  Detection  techniques  have  in  common#  the  need 
to  fly  into  a  cloud  of  tracer  materials  in  the  atmosphere#  sample  this 
contaminated  air*  and  detect  the  tracer  contaminants  by  one  moans  or 
another.  See  Figure  1. 

Radioactive  tracers  released  from  the  ground  have  been  considered. 
Radio  Isotope  exchange  however,  for  several  reasons  discussed  at  length 
in  Sections  5. 5.  1  and  5.  5.  2,  was  ff^lt  to  be  the  optimum  approach  in 
sampling  techniques  insofar  as  detectable  threshold  limits#  handling 
safety  and  other  factors  were  concerned. 

Other  sampling  techniques  such  as  ireoxe  out#  chromatography, 
spectroscopy,  et  cetera,  are  considered  and  their  limitations  discussed. 

Another  broad  area  of  detection  schemes  involves  Long  Range  Op- 
tical  techniques.  Obviously,  an  ideal  defection  system  i*  one  in  which  a 
high  altitude  high  speed  aircraft,  through  the  use  of  an  automatically 
scanning  optical  system,  can  detect  the  presence  of  a  tracer  contaminated 
cloud  at  long  range,  lock  on  to  this  target  and  take  appropriate  action. 

Preliminary  calculations  indicate  that  scattered  sunlight  provides 
sufficient  radiance  as  a  source  for  spectral  absorption  techniques  in  the 
long  wave  ultraviolet,  visible  ar.d  near  infrared  portions  of  the  spectrum. 
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A  -carets  for  appropriate  vapor*  exhibiting  narrow  band  absorp* 
tion  tine*  in  the  visible,  to  date,  prove  to  be  fruitier*,  but  LR»  mole¬ 
cular  rotation  and  vibration  line*  in  the  near  infrared  for  hydrocarbon 
material*  like  benzene  and  toluene  are  attractive. 

laboratory  teat*  were  performed  with  these  materials,  demon¬ 
strating  feasibility,  but  further  investigation,  however,  is  required  to 
determine  whether  this  technique  is  applicable  to  the  tactical  situation. 

This  work  is  discussed  in  .Section  S.  6. 

Other  long  range  techniques,  also  discussed  in  Sections  5, 6.  1 
to  5.6.3,  involve  the  creation  of!  clouds,  colored  vapors  and  smokes, 
fluoresced  spectroscopy  and  leaf  Stainers. 

Fluorescent  Ground  Tracer  Detection  methods  covered  in  detail 
in  Section*  5, 7.  1  to  5. 7.  3,  prove  not  only  to  be  feasible,  but  very  attrac¬ 
tive  in  that  they  provide  a  remote  night  technique  for  troop  activity  de¬ 
tection. 

The  final  broad  area  of  detection  techniques  is  personnel  Itotldsg, 
and  is  tailored  snore  for  detection  by  ground  forces  than  by  aircraft  tech¬ 
nique*.  The  security  of  Air  Force  personnel,  materials,  and  facilities, 
however,  requires  this  sort  of  application.  In  Section  5.  8.  are  discussed 
several  useful  techniques  for  detecting  insurgent  personnel  by  marking 
them  with  leuco  and  other  dyes,  tanning  agents,  fluorescent  powders,  heavy 
metal  protein  reactions  and  olfactory  tracers. 

5.  2  TASK  ARJSA  h  CAPSULES 

A  substantial  microencapsulation  technology,  developed  and  patented 
in  recent  years  by  the  National  Cash  Register  Company  with  The  Stanford 
Research  Institute  as  a  licensee,  was  believed  to  be  the  basis  of  a  unique 
approach  to  the  preparation  and  distribution  of  chemical  agents  which  would 
be  released  to  the  atmosphere  b/  enemy  action  and  detected  by  suitable 
instrumentation,  processes  were  available  for  producing  quantities  of 
minute,  approximately  spherical  capsules,  of  the  order  of  0.  2  to  2.  0  mm  in 
diameter,  consisting  of  droplets  of  oil-soluble  chemicals  enclosed  within  a 
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thin  polymerized  gelatin  envelope.  The  structural  and  chemical  proper* 
ties  of  the  capsules  offered  promite  of  a)  die  elimination  from  airborne 
vehicle*,  b)  useful  stable  life  on  the  ground,  and  c)  efficient  covert  re* 
lease  of  volatile  chemical  agents  (tracers)  tc  the  atmosphere  following 
capsule  breakage  under  the  footsteps  of  aggressor  personnel, 

5,  2 . 1  Tracers 

5.  2.  1, 1  Chemical  reagents  suitable  as  tracers  or  markers  of  ag« 

grestor  activity  may  conveniently  be  considered  as  belonging  to  one  of 
three  categories:  a)  airborne  tracers,  b)  surface  or  ground  markers,  »««d 
c)  personnel  markers.  In  the  present  study,  the  major  effort  was  directed 
toward  exploitation  of  the  first  two  classes,  with  less  attention  being  paid 
to  the  third,  since  it  is  not  compatible  with  high-speed  aerial  surveillance, 

5.  2. 1.  Z  Assuming  that  encapsulation  is  poesible,  the  fundamental 

requirement  of  an  airborne  tracer  is  that  it  be  detectable  at  extremely  'icw 
concentrations  (parts  per  billion)  by  some  feasible  combination  of  apparatus 
and  techniques.  Theoretical  and  practical  considerations  had  shown  that 
chlorinated  hydrocarbons  constituted  'he  most  promising  single  group  of 
encapouiable  airborne  tracer*.  Representative  compounds  considered  for 
thin  purpose  axe  listed  in  Tabic  1. 

Table  1 


Compound 

Formula 

Boiling 
Point  {O  C„ ) 

Liquid  Density 
(gm/cra3) 

cis  -  1,2>  dichlo-roethylcne 

CHCl  *  CHC1 

60 

1.291 

hloroform 

CHC13 

61-62 

1.489 

1,1,1  -  trichloroethane 

CH3CCI3 

74,  1 

1.325 

carbon  tetrachloride 

<-»C  14 

76,.  7 

1.59S 

1,2-  dichloroethane 

CH2C1CH2C1 

83-84 

1.  256 

trichloroethylene 

C1CH  *  C  Cl> 

87. 3-87. 5 

1.  466 

1,1,2  -  trichloroethane 

CM  :C1CHC12 

113-114 

1.  441 

t e trichloroethylene 

cue  3  ecu 

121 

1.624 

Capsule*  cosliinioi  1,1,1-  trlcblor««iiuiM  w#r«  prepared  Mid  U«t«4 
(Section  5.  2.  3).  Cl*  --1,2-  dichlorosthylen*  wan  cw<4  in  *«v«ni  ««• 
capitulation  experiment*,  but  it  could  net  be  retained  by  th*  cape  ole 
during  dry  tag* 

Some  study  era*  also  devoted  to  chemical*  which  might  enter  the 
atmosphere  a*  colored  gases  or  vapor*  and  which  coaid  be  detected  by 
long-range  optical  technique*.  These  included  bromine,  iodine,  and 
nitrogen  dioxide  {Section  S,  6), 

5,  2. 1,  3  Potential  ground- staining  markers,  which  might  be  detected 

by  night  aerial  surveillance,  included  the  broad  class  of  fluorescent  (in 
the  visible  and  UV  spectrum)  organic  reagent*  such  as  fluorescein  (uranism),, 
eosiu,  and  perylene, 

5.  2.  1. 4  Study  was  conducted  on  various  types  of  personnel  marking 

reagents.  While  these  technique*  lend  themnnAve*  more  to  detection  on 
the  ground  than  by  airborne  neatu.  positive  individual  marking  is  highly 
desirable  under  conditions  where  close  in  ground  surveillance  can  be 
effected  such  as  in  airfield  security. 

Marking  and  staining  of  personnel  by  fluorescent  agents^  dyes, 
leuco  dy«*t  and  unique  odorous  tracers,  were  included  in  the  study. 

Dyes,  such  as  indigo,  which  might  be  cncapsulable  in  the  form  of 
its  precursor,  indoocyl;  and  silver -containing  compounds,  which  produce 
skin  stains  by  reduction  of  silver,  were  viewed  as  possible  personnel 
markers  (Section  5. 8). 

5.2.2  Encapsulation  Process 

The  encapsulation  process  consists  essentially  in  the  preparation 
of  an  intimately  mixed  two-phase  system,  one  phase  being  an  oil  or  an 
oil- soluble  fluid.  and  the  other  phase  an  aqueous  dispersion  of  a  colloid¬ 
forming  agent,  for  example,  gciatin.  By  precise  control  of  the  mixing 
shear  forces,  pH,  and  temperature,  thin  spherical  shells  of  cross-linked 
gelatin  can  be  made  to  form  upon  the  minute  oil  droplets.  The  capsules 
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thus  formed*  containing  on  she  order  of  90%  by  weight  internal  phase*  are 
then  collected*  washed*  and  dried.  In  the  final  dried  condition*  the  cap- 
eules  vary  widely  in  diameter*  commonly  falling  in  the  range  of  0.5  »  1*2 
mm.*  although  these  limits  may  be  increased  by  suitable  variations  ia  the 
process  parameters.  As  a  final  step*  the  finished  capsules  may  be  screened 
or  sieved  to  yield  desired  sixe  fractions:  for  the  purpose  of  this  study  1  to 
2  mm.  diameter  capsules  were  needed.  A  typical  process  flow  diagram  is 
given  in  Appendix  A« 

5.  2.  3  Capea&g  Properties 

The  Stanford  Research  Institute  fabricated  and  delivered  small  quan¬ 
tities  of  capsules  containing  a)  toluene*  and  b)  1*  1*  1  -  tridbwiMthtas  for 
physical  and  chemical  evaluation  by  Bissett- Berman. 

Requisite  properties  included  a)  sufficient  strength  and  resilience 
to  survive  the  stresses  associated  with  storage  in  and  turbulent  ejection 
and  descent  from  high-speed  aircraft;  b*  frangihility  unde?  sheering  and 
compression  forces  exerted  by  ordinary  adult  footsteps  upon  capsules 
resting  on  grassy  terrain;  c)  retention  of  volatile  contest®  and  structural 
integrity  in  the  presence  of  humidity*  temperature*  and  chemical  condi¬ 
tions  characteristic  of  tropical  soils  and  vegetation,  for  periods  on  the 
order  of  tea  days. 

Dissection  and  examination  of  1 .  6  mm.  capsules  revealed  average 
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wall  thicknesses  ofrv^20ji*  and  volumes  of  2  x  10  cm  D  i.  e. ,  a  capacity 
of  2.  5  -  3  mg.  for  solvents  with  a  density  of  1.25  g/i  J.  Capsules  were 
heated  to  350°F.  for  10  minutes  with  a  heat  gun  without  degradations.  No 
adverse  effect  was  produced  by  subjecting  capsules  to  high  altitude 
pressures  in  a  test  cycle  which  consisted  of  elevation  to  75*  000  feet 

Hg)  in  2  minutes,  holding  at  altitude  for  3  hours,  and  return 
to  sea  level  in  1  minute* 

Weight  loss  tests  shewed  that  the  low  rate  of  diffusion  of  contained 
organic  solvents  through  capsule  walls  would  result  in  a  virtually  negligible 
loss  of  tracer  content,  from  the  time  of  capsule  manufacture  through  the 
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desired  (10-day)  period  of  usefulness  on  treated  terrain,  Further*  this 
low  loss  would  obviate  the  possibility  of  a  spurious  background  or  "noisete 
level*  i0 e. ,  a  measurable  concentration  of  airborne  tracer  produced  by 
untrodden  capsules.  Diffusion  losses  of  typical  organic  solvents  (#.  g.# 
carbon  tetrachloride,  toluene)  are  in  the  order  of  1%  in  14  days  at  2S°  C. 
{77°  F.)  and  2-5%  in  14  days  at  60°  C.  (140°  F. ).  The  hourly  loes  rate 
is  then<£  3  x  10~^  hr' 1  at  25°C.  If  a  total  weight  cf  5  x  10^  g.  of  agent  is 
present  in  ground-disseminated  capsules,  tnen^I50  mg.  is  released  to 
the  atmosphere  in  a  10-hour  period  during  which  atmospheric  dispersion 
and  dilution  would  certainly  prevent  the  build-up  of  a  detectable  concen¬ 
tration  or  a  false  alarm  level. 

The  study  of  capsule  characteristics  has  led  to  a  tentative  caps  ado 
specification  aa  follows: 


1. 

Six* 

Preferred: 

L.*n.  its : 

2.  0  to  2. 5  mra.  diameter 

1. 6  to  3, 9  mm.  diameter 

2. 

Color 

As  specified  - 
to  opaqueness 

3. 

Fluid 

Preferred: 

3.  5  mgm.  or  mcr« 

Content 

Limits: 

3.  0  mgm.  or  more 

4. 

Shelf 

6  months,  at 

Info 

which  time  the  following 

criteria  must  be  met. 

a.  Less  than  10%  loss  of  fluid  content, 

b.  Resiliency  maintained  as  defined  by  a  dropping 
test.  95%  +  of  capsules  selected  randomly  must* 
when  dropped  from  a  6  foot  height  onto  a  firm  sur¬ 
face  comparable  to  vinyl  tile  flooring,  bounce 
without  signs  of  deformation  or  loss  of  content, 

c.  Must  survive  a  24-hour  environmental  cycling  test 
through  high  and  low  temperature  and  pressures  to 
be  specified  at  a  later  date. 

d.  Four  weeks  in  fresh  water  with  no  obvicus  convoluting 
of  the  capsule  wall, 
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5.  3  TASK  AREA  Mb  ENVB&ONME  ”«T 

la  order  reaionubly  to  predict  th*  stability  of  disseminated  capsules 
and  the  atmospheric  diffusion  of  released  vapors*  it  was  necessary  to  con¬ 
sider  the  characteristics  of  the  jusgl«  environment.  A  j-reltmisasy  survey 
and  evaluation  was  performed  for  such  parameters  as  wind  and  inversion 
patterns*  native  atmospheric  components*  and  soil  moisture  effects  on 
capsule  properties.  Published  reports  of  investigations  of  atmospheric 
diffusion  of  rocket  esbaus'  dilutants*  insect  attractants*  and  chemical 
warfare  agents  were  reviewed  for  this  analysis. 

5.  3.  1  Micrometeorology 

5.  3.  1.1  Typical  Trcpkal  Eaviresiamst 

The  following  paragraphs  and  Figure  4*  a  generalisation  of  Appendix 
3»  Tropical  Weather  Statistics,  present  a  summary  of  the  cmiromacdal 
factors  which  might  affect  the  utilisation  of  capsules  fas-  marking  azwn  detec¬ 
tion  in  Southeast  Asia  and  other  tropical  regions.  Undoubtedly,  additional 
data  are  required  for  a  hilly  comprehensive  analysis;  however,  the  results 
of  the  present  survey  indicate  the  nature  and  extent  of  the  significant  en¬ 
vironmental  conditions. 

Inversion 

A  distinct  temperature  inversion  is  generally  experienced  beneath 
the  jungle  canopy  during  the  daytime,  usually  from  about  0800  to  1700  hours. 
The  inversion  layer  extends  from  the  ground  to  the  top  of  the  tree  canopy 
which  generally  is  150  to  200  feet  above  the  ground  in  mature  tropical  forests, 
normal  lapse  condition®  are  to  be  expected  above  the  canopy.  Also  normal 
lapse  conditions  are  likely  at  night  and  during  rains.  (References  4  and  8.} 

W  inda 

Winds  of  measurable  forces  (greater  than  0.5  mph)  are  seldom  ex¬ 
perienced  beneath  the  iungle  canopy.  Gusty  winds  of  from  1  to  3  mph  may  be 
experienced  beneath  the  canopy  during  thunder  showers.  Such  conditions  are 


-13- 


i!i& 


SHTiT 


to  b«  expected  in  nearly  *11  months  in  the  tropic*  with  a  slight  peaking  daring 
the  maximum  solar  poleward  excursion.  Available  data  indicate  that  winds 
of  10  to  17  r.nph  are  experienced  above  the  canopy  at  the  times  of  maximum 
gusts  beneath.  (References  3»  4*  6,  and  (). 

Tempo  ratur  e  /  Humidity 

Diurnal'  temperature  ranges  of  from  ten  to  twenty  degrees  are  to  be 
expected.  Beneath  the  canopy  temperatures  generally  range  from  70°  to 
85°  with  maximum  temperatures  in  the  upper  90°'e.  Humidity  varies  from 
virtually  100%  to  lows  of  from  70%  to  80%,  As  would  be  expected,  sharp 
humidity  and  temperature  changes  are  common  during  showers.  (References 
1,  4»  and  8). 


Precipitation 


Appendix  C  presents  details  on  the  seasonal  nature  of  precipitation 
in  tropical  climates.  In  general,  greatest  precipitation  occurs  during  high- 
sun  periods  (Appendix  DJ  and  is  most  likely  to  fall  from  afternoon  thornier 
showers.  Rainfall  of  as  much  ae  one  to  two  inches  per  hour  is  not  unccaxmos. 
(References  2,  5,  7,  and  8}. 


Soil  Moisture 

It  is  estimated  that  tropical  soils  will  always  contain  large  amounts 
of  soil  moisture  (50%  to  75%).  Periodic  daily  surface  drying  will  occur  in 
areas  exposed,  to  the  sun  in  all  areas  and  for  long  periods  of  time  in  Khotse 
areas  having  Am  climates  (See  Appendix  C).  Soil  temperatures  will  always 
be  high.  The  effect  of  soil  moisture  on  capsules  is  presented  in  Section 
5.  3. 2.  2.  (Reference  3). 


Effects  of  Vegetation 


Vegetation  will  influence  the  distribution  of  capsules  at  ground  levels. 
It  appears  in  the  literature,  that  few  systematic  studies  of  the  distribution 
of  particles  to  the  ground  through  the  canopy  have  been  undertaken.  However, 
observations  of  rainfall  in  the  tropics  indicate  tbat  many  species  of  trees. 
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particularly  palms*  will  inhibit  the  general  dispersion  of  capsules  by 
whatr-may  be  termed  an  "umbrella"  effect.  Furthermore*  from  obser¬ 
vations  of  the  dispersion  of  rain  in  sword  grass  and  capsules  in  bermuda 
grass*  concentrations  are  possible  where  the  grass  blades  "catch"  the 
capsules  and  "funnel"  them  toward  central  points.  {Reference  $). 

In  order  to  get  a  more  meaningful  feeling  for  the  problem  of  dis¬ 
persal  of  capsules  through  a  dense  canopy  cover*  tests  were  conducted 
on  a  scaled-down  jungle  of  dense  brush  and  broad  leafed  shrubbery.  Small 
benzene  filled  capsules  were  released  at  the  rate  of  ^  1 00  capsules  pea 
second*  from  an  altitude  of  8  feet  (abot£  4  feet  above  the  foliage)  with  tbs 
disseminator  moving  horizontally  in  a  straight  line  at  3  feet  a  second. 

In  order  to  mate  the  simulation  more  like  the  real  conditions  and 
less  optimum,  tests  were  carried  out  right  after  a  rainfall*  so  that  mois¬ 
ture  collection  on  leaves  was  very  apparent. 

Careful  study  cf  the  ground  after  the  testa  indicated  the  fallowing 
results: 

i.  Even  through  the  densest  canopy*  there  is  efficient 
penetration  to  the  ground. 

Z.  Instead  of  clustering  cf  capsules  aa  one  vooM  expect 

from  funneiing  processes*  ground  distribution  appeared 
fairly  uniform  in  both  dense  foliage  and  sparse  foliage 
areas. 

3.  The  chief  effect  of  foliage  is  not  the  creation  of  unequal 
distribution,  but  of  thinning  the  distribution  over  a  much 
greater  area. 

4.  Path  width  over  heavy  foliage  is  perhaps  3  or  4  times 
aa  great  as  over  the  clearings, 

5.  Ground  distribution  under  heavy  foliage  appears  to  be  10% 
as  concentrated  as  in  clearings. 

This  would  indicate  that  densely  foliated  terrain  should  receive  up  to 
10  times  as  many  capsules  as  open  areas,  to  ensure  equal  ground  distribution. 
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5,3.  1.2 


DifJwion  Studies 


In  order  to  establish  order  of  magnitude  concentration  estimates* 
it  is  well  to  start  with  the  simplest  situations  and  assumptions,  TM*  will 
gire  a  rough  idea  of  the  concentrations  of  tracer  materials  likely  to  he 
available  to  a  detection  system* 

Assuming  the  reagent  is  a  chlorinated  hydrocarbon  like  dichloro- 

ethylene  HC  *  HC  with  a  molecular  weight  of  95.  0, 

Cl  Cl 

If  ZOO  capsules  are  ruptured  at  5  mgm..  of  reagent  per  capsule* 
the  total  release  will  be  1. 0  gram. 

If  the  air  volume  into  which  this  is  dispersed  ia/t'lO^  liters  {19^ 
cubic  meters)  the  concentration  is  1  a  10*^  gms,  /liter. 

This  volume  can  be  visualized  as  a  cube  10  meters  on  a  side.  See 
Figure  5  (a). 

The  concentration  can  be  determined  in  parts  per  million  by  the 
relationship 

ppm  *  concentration  a  2. 54 »  104  „  0 .26 

molecular  weight 
or/v  260  parts  per  billion. 

The  cube  considered  here,  is  only  30  feet  on  edge*  which  is  an 
extremely  conservative  boundary.  Assuming  a  two  order  of  magnitude 
difference  in  volume,  the  concentration  would  approach  2  or  3  parts  per 
billion*  and  the  cube  would  be  150  feet  on  edge.  This  is  coming  dan¬ 
gerously  close  to  the  practical  detection  limit  by  standard  chemical  means. 

A  more  realistic  model  may  be  a  conical  volume  diapering  down¬ 
wind  from  a  point  source.  See  Figure  5  (b). 

If  the  downwind  distance  is  100  feet  and  the  height  of  the  plume  is 
SO  feet,  the  cone  volume  is 


*RZh 


6. 5  x  \Q*  cubic  feet. 


mu 


Since  there  ere  28.4  liters  per  cubic  foot*  this  represents  s  volume 
of  1.84  x  106  liters*  or  not  quite  double  the  volume  of  the  30  foot  cube.  The 
concentration  of  1  gram  of  chlorinated  hydrocarbon  is  this  volume  is  140  parts 
per  billion. 

An  even  more  accurate  representation  of  the  situation  is  shown  in 
Figure  5  (c). 

Personal  communication  was  established  with  William  H,  B ossert 
and  Edward  O.  Wilson  of  the  Biological  laboratories  of  Harvard  University. 
They  have  studied  eaten* ively  the  olfactory  communication  among: 
by  molecular  airborne  dispersion  and  have  indicated  that  even  the  simplest 
experimental  situation  demonstrates  the  naivete  of  the  basic  dispersion 
point  source  toxnwblicw  usually  employed.  Sutton's  eqmtins,  however, 
do  provide  a  first  order  of  approarimatictui  in  arriving  at  downwind  dilution*. 

Because  of  'he  importance  of  their  work,. personal  coaftaet  was  made 
with  Aerojet  General  Nadeonics  in  £an  Ramon  with  lfr.  X*  D.  Van  Vsck, 
author  of  Aerojet  General  Report  No.  AN- 862  (Reference  9)  "Bwdiatiaa 
of  Field  Hesuua  From  a  Meteorological  Control  Program  for  Solid  Sstlst 
Testing*1,  February  1963.  The  purpose  of  the  contact  was  to  obtain  data 
on  the  quantities  of  contaminant  released  by  the  rocket  bring  tests,  so  that 
these  could  be  related  to  the  quantities  of  contaminant  picked  up  by  the  air 
samplers. 

We  were  informed  that  the  3  KS  (1000)  propellant  grtin  weighs 
16  pounds  and  that  its  burning  time  is  2.  3  -  4.  4  sec.  10-11%  (650-770  g. ) 
of  tunpleabie  material  is  released  to  the  atmosphere  by  tho  burning  of 
this  grain,  the  remainder  being  gases  and  vapors.  The  10  KS  (2500)  grata 
weighs  100  pounds  of  which  10-11%  is  sample  able,  in  a  release  time  of 
8.$  -  10.3  sec. 

High  volume  air  samplers,  situated  at  ground  level  downwind, 
sampling  at  10  c£m  (284  1  / min. ).  drew  quantities  of  fronv^J-S©  ugm. 

(10~  g. )  on  No.  41  filter  paper  at  distances  from ^250  to  5.  500  feet  down¬ 
wind,  as  the  cloud  of  effluent  passed  over  the  sampling  stations.  Wind 
speeds  werewlO  xnph  {/-MS  ft. /sec.).  These  experiments  were  carried 
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out  under  "lapse"  conditions  (temperature  decreasing  with  height,)  Sam* 

piers  were  started  as  firing  began  and  were  continued  until  the  cloud  had 

passed  beyond  the  sampling  area^lO- 15  minutes  later. 

Although  it  is  difficult  from  this  data  to  calculate  the  concentration 

along  the  cloud  axis  which  was  at  some  appreciable  bat  unknown  height 

above  ground,  it  is  clear  that  the  dilution  effect  is  enormous  for  given 

periods  of  time  on  the  order  of  hours  even  in  nearly  stationary  winds, 

2  *6 

In  the  study  cited  abow  7  x  10  g.  was  released  and  10x1(1  g,  was 
captured  by  a  sampler  which  took  in  an  air  sample  of  the  order  of  100  cu. 
ft,  (3  cu. m.)„  The  "average"  concentration  in  the  cloud  must  then  have 
been*s3  x  10“^  g./m^  *  3  x  10'^  g,  /l  *  3  x  10"^  rog/1.  The  implication 
in  these  results  is  that  we  will  have  to  design  into  the  airborne  tracer 
sampler,  a  means  for  obtaining  ve.y  large  sample  rates  while  Hying  at 
relatively  low  aircraft  speeds,  Le. ,  100  mph  (150  ft.  /sec,).  At  a  earn* 
pling  rate  of  21  cu.  3.  /min.  (600  1  /min, )  the  aircraft  will  sample  10/ 1 
in  traversing  a  cloud  ISO  ft.  long,  in  one  second.  Tbifi  is  a  very  high 
sampling  rate,  considering  that  we  wish  the  air  to  traverse  a  cksSsssHims 
column  and  an  exchange  bed. 

5. 3. 1,  3  Environmental  Studies  -  Theoretical  Model 

The  presence  of  small  air  currents  at  the  base  of  the  forest  canopy, 
and  an  almost  ever  present  inversion  layer  near  the  top  of  the  canopy,  pre- 
sent*  a  number  of  difficulties  in  tracing  a  released  gas  from  its  point 
source,  the  ruptured  capsule. 

Several  formulations  have  been  suggested  for  predicating  the  down¬ 
wind  conditions  which  might  result  from  various  release  conditions.  The 
point  source  formulations  of  O.  G.  Sutton  (Reference  10),  as  modified  by 
J.  Holland  (Reference  11),  have  been  based  on  sound  theory,  have  been 
frequently  tested,  and  using  easily  obtainable  meteorological  input  data 
hive  proven  to  give  reasonable  answers. 
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The  form  of  Sutton's  equations  are  in  terms  of  (round  level 
concentration*  at  specific  downwind  and  crosswind  location*.  To 
predict  the  concentrations  to  which  a  downwind  observer  might  be 
exposed  as  the  result  of  an  instantaneous  release  of  material  to  the 
atmosphere,  Sutton  derived  the  following  relationship: 
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Concentration  ^nu.  -  meter- at  time  "t" 
(seconds)  at  a  point  "s"  (meters)  downwind 
and  "y"  meters  crosswind.  as  a  resalt  c-i 
instantaneous!  release* 
source  (gnos. ) 

diffusion  coefficient  in  the  downwind,  crosswind 

ard  vertical  directions. 

wind  speed  (meter*  -  sec.  “  *) 

stability  parameter 

stabilisation  cloud  height  (meters) 

finite  volume  correction  (meters) 
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stabilization  height  (meters) 
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ut,  the  peak  concentration  can  be  evaluated. 


To  determine  the  concentration  from  a  el ow  continuous  release 
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release  rate  in  grot.  /sec. 


Meteorological  data  input*  required  for  the  formulation  include 
the  stability  parameter  (N)  wind  velocity  (u)«  diffusion  coefficients  (C^ 
C^.  Cz)«  and  the  height  of  the  base  of  the  capping  Inversion  (He)# 

Wind  velocity  and  capping  inversion  base  height  information  is 
readily  available  from  standard  meteorological  instrumentation*  Care 
must  be  exercised  in  selecting  the  height  at  which  the  wind  velocity  mea¬ 
surement  is  taken  to  that  erroneous  surface  effects  are  eliminated. 

The  applicable  irafce  of  the  stability  parameter  easy  be  determined 
from  a  temperature  gradient  measurement*  as  follows*  (Reference  12). 


.oo<TD«*l.  I  F. 
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F. 

F.-c  TDsoo 


0.  2  (lapse) 

0*  25  (neutral) 

0.  33  (mild  inversion) 
0.  5  (strong  inversion) 


where 


TD 


Vertical  temperature  gradient  per  200  feet. 


The  value  for  C:  (max)  occurs  in  the  isotropic  case,  at  -——5 
1  4  26  uH* 

(Reference  13)*  and  for  non-isotropic  diffusion. 
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The  dowxrwind  distance  at  which  the  peak  concentration  (CiMax)  occur®  ie 
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By  studying  the  diffusion  and  dispersion  of  flu#r««eni>t  particle*# 
Falk  (Reference  £4?  «t  ai  have  determined  a  very  simple  formulation 
where 


Ct  Max  e 


0.19  Q 


The  values  of  (Max)  were  found  to  be  accurate  experimentally  within 
a  lac  not  of  2  of  'he  calculation,  about  85%  of  the  time,  and  within  a  factor 
o l  3  about  95%  of  the  time* 

The  diffusion  coefficient#  aa  observed*  versus  wind  speed  and 
stability  factor  (N)  are  from  the  data  of  Holland  (SUfsreoee  15). 

For  low  altitude  release*  with  wind  speeds*  of  approximately 

1  meter  per  second  the  values  of  C  *  C  »  and  C  during  modorate  io> 

x  y  a 

version  conditions*  are  respectively  0.  12*  0.  19*  0.  IS.  For  lapse  condi¬ 
tions,  they  are  0.  40*  0. 80*  0.  60.  Under  neutral  conditions  they  are 
0. 20*  0, 22*  uxl  0. 30. 

Giving  irattmvs  fomrohnoa  »os£  realistic  values*  we  cte  got 
some  idea  of  the  dilution  problem. 

Example  -  Suppose  the  aircraft  has  seeded  a  strip  100  feet  wide* 
at  a  ground  dispersal  of  10  capsules  per  square  foot,  if  a  patrol  of  10 
men  cross  the  strip*  each  with  a  4  foot  pace  {2  strides  «  4  feet)  then  each 
man  steps  down  about  50  times  in  traversing  tho  strip.  Ten  men  will 
step  down  SCO  times.  Assuming  each  step  to  break  2  capsules*  1000 
capsules  are  ruptured  releasing  5  mgm.  each  of  material,  or  a  total 
of  5  gram*.  If  the  patrol  lias  maintained  a  close  formation*  we  can  treat 
the  area  as  a  single  point  source  of  instantaneous  release. 


IfHaR  * 

y  » 

x  « 

M  * 

CX=CY*CZ  » 

u  * 

t  a 
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height  to  base  of  the  inversion  »  50  yards 
(detector  is  downwind  only  &nd  there  is  no 
cronswind  diffusion  to  be  concerned  with)  0 
100  yards  «  downwind 
0.  33  (moderate  inversion  f?ctor) 

0.  1  (meters  n^) 

1  meter  per  sec.  (about  2  mph  wind) 

1000  seconds  a  17  minutes  after  release 
5  grams  of  released  gas 


SESH 


Then  according  to  Sutton'*  formulation  (Rofcresctf  10)  Cl  *  2  tfgm. 
per  cubic  meter,  which  repsetenti,  probably  the  minimum  limit  o£  d»o* 
mical  detectability. 

If  more  capsule*  are  brokets,  or  if  the  wind  i*  moving  at  less  titan 
Z  mpb,  which  is  very  possible,  greater  ranges  of  detectability  can  be 
realised. 

In  the  above  example,  the  detector  has  been  plated,  conveniently 
downwind  and  on  axis.  Should  the  detector  be  crosswind,  the  concentm® 
tion  drop*  off  very  steeply.  See  for  example.  Figure  6,  which  is  derived 
from  the  work  at  Aerojet  General  (Reference  12), 

The  Signal- to- Noise  problem 

There  are  three  factors  which  xuay  contribute  to  the  noise  back¬ 
ground  behind  the  chemically  detected  gas  signal: 

j.  gases  produced  by  the  normal  tropical  floral  back- 
ground  which  affect  the  detector  in  question, 

2.  signal  gases  which  diffuse  slowly  from  the  seeded 
capsul :  walls,  producing  slow  continuous  source 
detectable  gases,  and 

3,  self- rupturing  capsules  giving  instant,  fall  capsule 
release  of  detectable  gases. 

It  is  obvious,  that  should  the  background  exist  in  quantities  below 
detector  threshold,  or  in  quantities  small  in  comparison  to  the  signal  con¬ 
centration,  there  would  be  little  or  no  false  alarm  rate. 

In  regard  to  normal  background  constituents  of  heavily  forested 
areas,  there  is  a  dearth  of  information  in  the  literature.  It  has  only 
been  in  the  last  months  that  any  serious  study  has  been  undertaken  in 
the  area  of  air  pollution  of  con- urban  atmospheres.  Personal  contact 
was  made  with  Dr.  Frits  Went.  Director  of  the  St.  Louis.  Missouri 
Botanical  Gardens,  one  of  the  few  authorities  in  this  area. 

His  information  indicates  that  there  is  a  small  but  undetermined 
concentration  of  volatile  organic  compounds  belonging  to  the  terpene  and 
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Cro9*  Wind  Concentration  ae  a  Function  o i 
DiiUnca  from  Down  Win d  Axis 
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sesquiterpene  hydrocarbon  groups  present  in  atmosphere*  of  forested 
area*D  largely  as  a  product  of  plant  metabolism*  in  concentrations  in 
the  range  5-10  parts  per  billion. 

Chlorinated  hydrocarbons  like  the  materials  sacs?  being  encap¬ 
sulated  are  highly  unlikely  constituents  of  such  an  environment* 

Solid  organic  materials  in  the  particle  size  range  0.  2  -  0*  3  microns 
are  present  in  concentrations  of  0. 1  -  0.  4  parts  per  million  (100-400  ppfe) 
on  a  weight  basis.  The  enact  nature  of  these  compounds  is  undetermined# 
but  they  are  chiefly  organic. 

Research  is  presently  underway  by  Dr.  R.  Rasmussen*  under 
Dr.  Went'®  supervision  but  no  papers  are  expected  to  be  published  before 
the  end  of  1963. 

This  is  certainly  one  critical  area  in  which  much  information  should 
be  gathered  to  help  delineate  the  problem  of  natural  background  in  the  area 
of  chemical  dissemination  in  tropical  environments* 

In  regard  to  the  problem  of  background  created  by  the  slew  diffu¬ 
sion  of  materials  through  the  capsule  walls*  it  most  be  determined  if  the 
diffusion  rate  for  a  known  number  of  capsules  in  a  given  tamo  period  is 
comparable  to,  greater  than  or  less  than  the  instantaneous  release  of  a 
known  number  of  capsules,  by  breakage  as  the  result  of  enemy  activities 
on  the  ground. 

The  following  diffusion  rates  in  Table  2  are  given  for  hydrocarbon 
encapsulated  materials  in  gelatin  capsules.  Values  represent  loss  rate 
of  materials  by  weight  for  a  7-day  period. 

Table  2 


Encapsulated  Material 

Diffusion  Loss  in  7  Days 

Temp. 

Source 

1.  Toluene  less  than 

0,  5% 

8Q°F. 

SRI 

2.  Toluene 

0.  3% 

1 40°F. 

SRI 

3,  Diethylbenzene 

0.6% 

80°F. 

NCR 

4.  Diethylbenzene 

1.0% 

140°F. 

NCR 

5.  Diethylbenzene 

i.  0% 

140°F. 

SRI 

6.  Carbon  tetrachloride 

0.  5% 

80°F. 

NCR 

7,  Carbon  tetrachloride 

1.05% 

140°F. 

NCR 

-  -2b- 

Assuming,  ss  was  dene  us  earlier  ealcelatums  that  a  email  Mjtad 
or  patrol,  creasing  a  seeded  strtp»  and  breaking  two  capeoles  per  step* 
breaks  a  total  of  1000  capsules,  each  containing  5  mgnu.  oi  volatile 
cMoi'iaated  hydrocarbon,  then  5  frame  are  released. 

Assume  no  measurable  ground  wind*  and  the  bass  of  the  inversion 
at  a  height  of  100  meters  (10®  cm.  >.  Also,  assume  diffusion  coefficients 
equal  in  all  directions.  Thus  the  concentration  of  5  grams  of  material 


4 

in  a  cube  100  meters  on  a  side  (10  liters)  is 

Cane.  *  ^  -  q? — mgms.  #  5  x  1<T*  mgm. /liter 

10'  liters 


P.P.M 


Concentration  sc  Z,  54  *  IJj 


Molecular  Weight 

and  assuming  a  material  like  dsehloroethylene  with  a  molecular  weight 
of  97.  0 

•  the  concexnxation  is  PrSfi  ~  13  sc  I0-^  or  5.  3  pjb;  wfesefe  is 
at,  or  near  the  threshold  level  of  chemical  detection. 

The  diffusion  rate  may  be  calculated  from  the  a ppreaduas tio* 

z'  __  « 19  Q 

t*.  «  *  T  —  — 

‘  l^U 


if 


C. 

a 

Q 

H 


1.3  ppb  (1.3  *  10~9> 

5  mgmt.  released 

4 

height  to  inversion  cap  *  1  *10  cm. 


then  Ui  in  the  absence  of  a  breeze,  represents  the  diffusion  rate  in  cm  /sec. 


u 


.  19Q 
H^C. 


*  9  era  /sec.  or  a  rise  of  3  cm.  / sec. 


in  the  vertical  direction. 

The  time  necessary  for  the  vapor  to  reach  the  inversion  level  of 
10^  cm.  would  be 


10^  cm, 

3  cm/ sec. 


=  3,  300  sec,  or  55  minutes 
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It  is  difficult  to  assign  limits  to  the  area  which  is  contributing 

to  the  background.  It  is  a  function  of  the  sampling  rate  of  the  aircraft,, 

the  w  ind  speed  and  direction*  diffusion  rates*  inversion  height*  and 

many  more  subtle  factors.  For  convenience*  assume  that  the  entire  100 

meter  by  100  meter  square  base  of  the  diffusion  cube  represents  the  back** 

8  2 

ground  source.  1ft  contains  10  cm  .  Covered  at  the  rate  of  0.01  capsule 
2  a 

per  cm  (10  capsules  per  square  foot)*  there  are  it  capsules  contri¬ 
buting  to  the  noise. 

Assuming  a  temperature  of  90°F.  for  &  chlorinated  hydrocarbon* 
like  carbon  tetrachloride  or  die  hi  or  ethylene,  the  diffusion  loss  should  be 
about  0. 7%  per  week*  or  0. 1 %  per  day.  In  1  hour*  only  .  004%  is  released 
Thus*  the  background  release  (B)  »  A  E  Q 

where 

A 

R 

D 

T 


Background 


area,  of  ground  contributing  * 


10®  cm2 


concentration  ox  capsules 
-2 

cm 

diffusion  loss  per  time 
(1  hour) 

content  of  capsule 
(grams) 

0.  2  gnu. 


10 


-2 


-5 


4  x  10 


-3 

5  x  10  gms 


This  compares  with  a  signal  release  of  5  gins.  *  therefore  the 
S/N  *  25.  Since  the  signal  level  is  just  barely  detectable*  the  noise  level 
at  4%  of  this*  is  not  detectable. 

It  must  be  emphasised  that  as  presented,  this  calculation  is  baaed 
on  a  closed  system,  that  is,  it  is  assumed  that  with  longer  and  longer 
periods*  there  is  an  accumulation  of  background. 

This  would  occur  only  in  a  box.  While  the  inversion  cap  and  the 
foliage  canopy  tend  to  "hold”  in  the  gases,  their  efficiency  as  an  imper¬ 
vious  wall  13  low,  and  lateral  movements,  especially  in  the  presence  of 
breeses  would  tend  to  dissipate  any  small  accumulation  of  this  background. 
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One  cas  concludsg  therefore.  In  regard  to  tb«  problem  of  slow 
diffusion*  eves  from  very  large  number*  of  eaptule*,  the  chief  concent 
is  detecting  low  level  signals,  in  the  presence  of  little  or  so  noise. 

tn  regard  to  the  third  area  of  noise  contributioa,  that  of  a  spon¬ 
taneous  rupture  either  as  the  result  of  pressure  rupture  from  the  acti¬ 
vities  of  animals  or  ae  the  result  of  pfrys  teal  or  bacteriological  deterio¬ 
ration  of  cape  ole  walls,  a  real  problem  is  presented.  Only  a  rather 
large  animal  with  bard  paws  or  hoofs  can  shear  or  crush  the  cape  alee. 
The  probability  of  such  occurrences  is  reasonably  low  and  the  false 
alarm  no  problem  unless  a  herd  of  water  buffalo  has  wandered  into  a 
seeded  ares. 

If  capsules  deteriorate  spontaneously  as  a  result  of  physical 
changes  in  capsules  walls,  or  bacteriological  or  enxymatic  activity  be 
the  soil  (as  discussed  elsewhere  in  this  report).  Shea  the  probability  ef 
all  capsules  rupturing  within  a  short  period  of  time  is  highud  spurious 
aigals  art  likely  even  though  the  activity  is  spread  over  a  large  area. 
One  solution  for  this  problem  is  the  treating  of  capsule  walls,  for 
example,  with  waterproofing  coatings  (e.g.,  paraffin),  so  that  long  life 
is  assured. 

5.  3. 1  laboratory  and  Field  Tests 


S.  3. 2.  1 


Diffusion  Studies 


In  order  to  study  some  of  the  terrain  sal  micrceseteorological 
factors  which  influence  the  diffusion  of  released  gases,  a  water-liquid 
dye  analogue  of  the  air-gas  system  was  put  together.  There  is  no  justi¬ 
fication  for  drawing  concrete  conclusions  from  such  a  study  since  it  ie 
almost  impossible  to  match  liquid  dye  diffusion  coefficients  with  gas  in  air 
coefficients  and  the  totally  enclosed  volume  presents  a  restricted  and 
therefore  unreal  situation. 
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No»ethel«ii#  this  sort  of  study  is  of  toms  value  if  oas  attempts 
to  make  no  quantitative  comparisons  but  is  only  looking  for  the  direc¬ 
tion  of  the  problems, 

A  ten  (10)  gallon  fish  tank  with  plastic  walls,  and  no  corrosive 
metal  bindings  was  set  up  in  the  laboratory.  The  floor  of  the  tank  was 
covered  with  bleached  gravel  and  a  heavy  planting  of  vertical  "valisnsria" 
plants  was  made  to  simulate'  dense  jungle  growth.  Several  irregularly 
spaced  clearings  were  left  to  allow  turbulence  effects  and  eddy  currents 
to  build  up. 

The  two  40  watt  incandescent  lamps  situated  horizontally  just  an 
inch  above  the  water's  surface  provided  not  only  the  requisite  light,  hut 
created  ass  inversion  layer  of  warm  water  at  the  upper  surface  of  about 
8S°F.  and  approximately  10°F.  warmer  than  the  bottom  layers. 

This  inversion  simulates  quite  well  the  afternoon  air  inversion 
often  found  in  jungle  regions. 

An  inlet  syphon  at  one  end  of  the  tank  and  an  outlet  syphon  at  On 
other  constituted  a  means  of  creating  horizontal  cross  brecscs.  Valves 
on  both  of  these  syphon  systems  allowed  accurate  control  of  the  "wisdM 
velocity  and  configuration  of  the  influent  tube  mouth  determined  the 
turbulence  imparted  to  this  incoming  "wind." 

Stirrers  could  create  local  turbulence  patterns  of  any  desired 
magnitude,  and  the  turbulence  and  horizontal  wind  could  be  situated  at 
any  desired  elevation. 

In  the  first  series  of  tests.  Crystal  Violet  was  used  as  the  dye 
because  of  its  heavy  molecular  weight  and  its  aqueoos  solubility,  plus 
the  intensity  of  the  color  contrast. 

A  single  drop  was  placed  in  a  clearing  beneath  the  foliage.  Some 
of  the  dye  floated  from  the  delivery  pipette  as  it  was  being  withdrawn  from 
the  tank.  Photograph  No.  1  indicated  the  tank  appearance  before  the 
introduction  of  the  dye  and  Photograph  No.  2  indicated  the  position  of  the 
dye  at  T-Zero,  on  delivery.  The  spot  of  dye  was  clearly  visible  against 
the  white  gravel,  while  the  swirling  cloud  above  was  also  seen  beginning 


to  stream  out. 


At  this  time,  the  inlet  syphon  was  not  open#  but  the  outlet  valve 
w»t  creating  a  very  slight  jungle  floor  breeze  which  would  simulate  a 
mild  2  raph  wind# 

Photograph  Ho,  3  takes  at  T  4-  i  minute  showed  the  slow  dUftt* 
sion  of  the  ground  spot  with  movement  toward  the  right#  being  “blows?* 
toward  the  outlet  tube.  The  swirling  cloud  began  to  stratify  horizontally, 
especially  near  the  upper  layers  whore  a  counter  current  moved  oppo¬ 
site  the  breeze  direction  below  it,  and  was  held  down  by  the  inversion 
layer. 

Photograph  Ho,  4#  taken  at  T  +  4  minutes,  indicated  a  rather 
static  condition.  The  surface  spot  had  diffused  toward  the  right  only 
very  slightly,  the  cloud  through  the  central  portion  of  the  tank  hung 
motionless,  the  upper  cloud  had  drifted  back  toward  the  center  some¬ 
what.  This  would  indicate  a  rather  slow  moving  but  complex  system  of 
hydrodynamic  behavior. 

Photograph  Ho.  5  taken  6  minutes  Sate?  at  T  v  19  miss«tess  again 
demonstrated  the  relatively  static  conditions  prevailing.  Tbs  dye  at  the 
jungle  surface  bad  diffused  somewhat  by  Brownian  action  plus  the  slight 
convection  effects  and  the  very  slight  breeze.  The  middle  cloud  still 
hung  but  began  to  lose  its  horizontal  nature,  and  dropped  vertical  lines 
slowly  among  the  branches  of  the  trees.  The  outer  rim  of  the  upper 
horizontal  cloud  of  dye,  again  moved  toward  the  left  side  of  the  tank, 
opposing  the  slight. freeze  below. 

Two  minutes  later,  at  T  4-  12  minutes,  the  inlet  valve  was  opened 
causing  &  strong  wind  on  the  bottom  of  the  tank  with  a  scaled-down  velocity 
simulating  20  mph  winds,  photograph  No.  6  showed  that  the  diffuse  cloud 
on  the  jungle  floor  had  been  quickly  whipped  away  and  no  visible  trace  of 
it  remained.  The  discoloration  remaining  was  only  the  stained  gravel. 
There  was  no  ,egas-'  in  the  vicinity.  The  wind  had  also  begun  dissipating 
the  lower  portion  of  the  middle  layer  clouds,  which  were  atill  dearly 
seen.  There  appeared  to  be  little  or  no  effect  on  the  upper  cloud  which 
still  hung  suspended  below  the  inversion. 
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In  a  iccond  of  teats,  crystal  violet  was  dissolved  in  alcohol 

rather  than  water,  which  it  was  assumed  would  increase  the  diffusion  rate 
of  the  dye  simulating  a  lower  molecular  weight  gas. 

In  Photograph  No,  7*  taken  at  T-  Zero  a  cloud  of  the  crystal 
violet-alcohol  solution  had  been  deposited  in  mid -tank.  No  simulated 
breeze  is  blowing.  Photograph  No.  S  was  taken  at  T  4-  1  minute  and 
rapid  dissipation  had  already  taken  place.  This  continued  as  is  seen  in 
Photograph  No.  9  taken  at-T  4-  2  minutes. 

It  is  interesting  that  there  was  not  developed  a  single  diffuse  cloud, 
but  rather  a  large  tenuous  mass  with  small  pockets  of  denser  nodes,  like 
bunches  of  grapes.  An  aircraft  flying  through  such  a  cloud  would  sample 
small  rich  pockets  in  a  medium  of  less  rich  gas. 

An  artists4  drawing  of  the  composite  behavior  of  the  cloud  at 
T-0,  T  4-  1.  T  4-  10,  and  T  4-  12,  in  the  first  ruu,  and  T-0»  T  4-  1,  T  4-  Z 
in  the  second  run  are  shown  in  Figures  7  and  3. 

In  order  to  understand  asrs  of  the  gas  diffusion  problem  in  an 
area  of  heavy  foliation,  a  field  trip  was  carried  out  in  the  fern  forest  of 
Los  Angeles*  Griffith  Park.  Here,  the  moisture  content  and  breese  con¬ 
ditions.  can  approach  a  simulated  jangle  condition,  especially  when  the 
regional  inversion  layer  is  low,  as  is  often  the  case.  On  this  particular 
field  trip,  mild  lapse  conditions  prevailed  and  a  very  slight  southerly 
breeze,  estimated  at  0-2  mph,  was  blowing  at  the  ground.  Situ  Number  1 
was  selected  because  it  represented  a  small  clearing  in  dense  fern  growth, 
with  extremely  moist  soil.  The  clearing  was  totally  shaded  and  the  air 
temperature  was  measured  at  79.  6°F.  This  was  at  1100  hours.  Standard 
Time.  The  site  was  situated  about  5  feet  above  a  stream  and  on  level 
ground* 

At  this  point,  3mall  amounts  of  titanium  tetrachloride  were  re¬ 
leased  on  the  ground.  *rfie  reaction  with  water  vapor  creates  white 
vapor  clouds,  the  reaction  being  either 

1.  TiClj  +  2I|0 - »  T.02  4  4  HClT 

or  2.  TiCl^ - »  TiCl4  +  5  HjO 

or  3.  a  combination  of  both 
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Segura  7 

Dye  Diffusion  Study  No,  2 
Crystal  Violet-H^O  ia  Wktear 
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Figure  8 

Dye  Diffusion  Study  No.  Z 
Crystal  Violat-Alcohol  in  \7ater 


-34- 


SEsar 


Wind  patterns  indicated  «,  n?*2d  steady  br«es«  blowing  north*  Tbs 
cloud  dispersed  />;» c  within  10-15  feet  was  no  longer  risible,  ltwsf 
noticed  that  foliage  did  not  atop  the  cloud,  but  merely  aided  in  the  diaper- 
Mb 

A  second  aite  r/ae  then  selected  at  an  elevation  of  15  feet  Hgbf* 
than  Site  Number  1  and  about  20  feet  above  the  stream  bed.  Here,  the 
soil  still  damp  but  drier  than  the  soil  at  Site  Number  1.  Temperature 
hers  was  7 V^iT.  rVat  0.  fe°F,  lees  than  the  lower  site.  The  foliage  hero 
was  deciduous  the  leaves  of  a  laurel  type,  and  a  lew  large  rice  paper 
leaves. 

The  titanium  tetrachloride  was  again  released  with  similar  m«Uo, 
except  that  the  wind  direction  appeared  to  be  more  north-  easterly  than 
due  north  ae  at  the  lower  site. 

In  order  to  study  wind  patterns  in  greater  «L4ail»  tetramersc 
acetaldehyde  powder  iCKjvKO}^  was  heated  releasing  email  ash-like  par¬ 
ticles  which  floated  on  tbs  wind  currents  at  about  a  foot  poy  second  in 
horizontal  planes  in  a  north-easterly  direction.  They  could  be  followed 
visually  for  40  or  SO  feet  or  more,  until  they  were  l«s  t  in  the  dense 
foliage. 

In  the  dry  dusty  path,  near  Site  Number  2  several  one  foot  squares 
were  marked  off  and  50  capsules  were  evenly  distributed  in  the  ares. 
Walking  across  the  area,  an  adult  produced  a  breakage  of  approximate Sy 
10  capsules  per  step.  This  was  repeated  several  times  with  very  similar 
results,  i.  e.  »  20%  breakage.  Counting  broken  capsules  was  made  easy 
by  the  fact  that  the  reagent  left  a  clear  dark  spot  on  the  almost  white 
chalky  dust.  At  a  position  25  feet  downwind  from  Site  Number  2.  and  on 
a  level  with  it,  from  1  minute  to  1  minutes,  after  capsule  rupture*  physio- 
logical  odor  detection  of  the  dlethylbenaene  was  attempted  with  no  positive 
results. 

At  a  position  near  Site  Number  l.  however,  40  or  50  feet  downwind 
of  Site  Number  2  and  15  feet  lower  in  elevation,  at  a  time  4  to  5  minute® 
after  the  capsule  rupture  referred  to,  the  odor  of  diethylbensen*  was 
detectable,  even  though  a  rich  odor  background  of  flora  fragrances  existed. 
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A  similar  test  wa*  subsequently  conducted  At  the  University  o>£ 
California  Botanical  Gardens  in  Lot  Angeles.  Tlie  advantage  of  this  site 
over  the  previously  chosen  one  in  the  Fern  Forest  lies  in  the  fact  that 
a  denser  and  taller  stand  of  trees  (up  to  100  feet  in  elevation)  provided 
a  closer  approximation  to  a  tropical  rain  forest.  The  canopy  was  con¬ 
siderably  thicker,,  and  a  final  advantage  was  the  slope  of  f.he  terrain. 

The  garden  slopes  steeply  so  that  a  rise  of  over  100  feet  is  accomplished 
in  a  narrow  defile.  Thus  an  observer  standing  at  the  high  point  can  look 
down  at  the  top  of  the  canopy,  to  observe  rising  clouds  of  smoke.  A  con¬ 
tinuous)  source  of  white  cloud  (titanium  tetrachloride  in  an  open  dish)  at 
the  bottom  of  the  defile*  near  a  running  stream*  was  exposed  to  air*  and 
observers  at  the  high  point  were  prepared  to  photograph  the  cloud  as  it 
broke  through  the  canopy. 

Unfortunately*  as  was  demonstrated  in  the  first  series  of  tests  at 
She  Fern  Forest,  the  dispersion  of  the  cloud  in  a  slight  breeze,  was  so 
great  that  photography  of  the  cloud  was  impossible,  the  cloud  being  ja»t 
barely  visible  to  the  eye  under  optimum  conditions. 

Wind  conditions  varied  from  0.  5  to  5  miles  per  hour*  averaging 
about  2  mph  or  1  meter  per  second.  Its  direction  varied*  moment  to 
moment,  swinging  in  a  180°  arc  from  south  to  west*  to  north  and  back. 

A  lapse  condition  prevailed. 

At  60  feet  downwind  from  the  source*  the  odor  of  hydrochloric 
acid  was  quite  distinct. 

The  sample  of  liquid  titanium  tetrachloride  volatilized*  was  approxi¬ 
mately  1/20  of  a  liter,  or  50  cc.  Since  only  60%  of  this  was  used  up  in  the 
15  minutes  of  continuous  release,  the  release  rate  (Q/S)  was  0.033  gm», 
per  second. 

Assuming  the  stabilization  height  (H)  to  be  the  canopy  at  approxi¬ 
mately  45  feet  or  15  meters,  and  assuming  lapse  conditions  so  that  C  *  0.4, 
Cy=  0.8,  C  z  -  0,6,  then,  since  Maximum  Concentration  (C»  max)  » 


Q/S 

4.  26  uH^ 


\i/2 

iL 
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If  u  (wind  speed)  *  1  nseter  per  sec. 

Cj  (max)  *  22  x  10’  gnu.  /meter* 


The  downwind  distance  at  which  this  concentration  occurs,  is 
i  max  -  ■  “2  ->/2~ N 


(C»S),/2 

.  2  for  lapse  condition 
26,  3  meters 

Since  the  odor  observation  was  made  at  20  meters,  or  the  distance* 

and  since  signal  varies  as  the  square  of  the  distance,  the  observer  should 
have  been  sensing  Cj  max  «  1.  7  x  26  pgms.  / meter3  or  M  pgms. 

per  cubic  meter. 


where 

C  * 

N 

stabilisation 
factor  « 

,*  ,  d  max  * 


This  is  equivalent  to  2$.  5  parts  per  billion. 


CONCLUSIONS 

The  fish  tank  atmospheric  model  and  the  field  trips  all  pointed  to  a 
number  of  problems  for  which  ready  answers  do  not  exist, 

Neither  the  literature,  nor  correspondence  with  experts  in  the 
field  of  air  pollution,  nor  the  field  trips  give  a  clear  indication  of  the 
effect  of  inversion  layers  other  than  the  general  holding  down  of  the  re¬ 
leased  gas  which  increases  the  concentration  at  or  near  the  release  point 
for  periods  of  time  longer  than  one  would  expect  from  mathematical  models. 

The  ability  to  detect  the  diethyl  benzene  odor  40  feet  downwind  in 
the  Fern  Forest  after  5  minutes  when  a  foot  per  second  steady  breese 
should  have  blown  the  material  clear  of  the  area  indicated  that  either: 
a)  some  of  the  gas  settled  into  a  pocket  and  remained  out  of  the  air  stream, 
or  b)  it  is  improper  to  treat  the  release  of  the  reagent,  at  least  on  short 


$£im 

time  scales,  a*  an  instantaneous  release.  Treating  the  volatile  reagent 
release  from  ruptured  capsules  as  a  continuous  point  source  for  a  matter 
of  minutes,  in  any  case,  is  mare  accurate.  When  considering  sampling 
hours  later,  the  difference  becomes  academic. 

Wind  speed  and  turbulence,  as  has  been  shown  in  the  meteoro¬ 
logical  work  carried  on  at  Dugway  Proving  Grounds,  Utah  (Reference  16) 
is  the  major  variable  affecting  dispersion  and  dissemination  of  clouds  and 
particles  in  the  atmosphere. 

5.  3. 2.  2  Soil  Moisture  Experiments 

Several  experiments  have  been  conducted  to  determine  the  effect 
of  soil  moisture  on  the  capsules.  The  initial  experiment  was  rum  twice; 
first,  from  0900  hours  14  August  to  1600  hours  20  August  and  second 
from  2000  hours  20  August  to  0730  hours  26  August.  The  procedures  for 
each  run  and  the  results  are  presented  below: 

Trial  1: 

Procedure 

Ten  aluminum,  3"  diameter  pans  were  filled  with  eight  grams  of 
fine,  clayey  soil.  To  each  of  five  pairs  of  pan®  was  added  8,  6,  4,  2*  and 
0  grams  of  water  respectively.  The  samples  were  then  thoroughly  mixed 
to  approximate  a  uniform  soil  moisture.  On  the  resultant  pairs  of  100, 

75,  50,  25  and  0  percent  soil  moisture  samples,  a  number  of  capsules  were 
placed.  The  pans  were  then  placed  in  an  environmental  chamber  and  the 
oven  temperature  set  at  05°F.  At  1200  hours  14  August,  alter  three  hours 
of  heating,  the  oven  was  opened  for  a  capsule  count.  At  this  time  it  was 
noted  that  the  oven  blower  had  caused  the  soil  to  dry  despite  the  use  of  a 
large  water  reservoir  in  front  of  the  blower.  The  oven  was  turned  off 
and  6,  4,  2.  and  1  grams  of  water  added  to  bring  the  soil  moistures  back 

up  to  the  original  levels. 

Subsequent  to  the  second  addition  of  water,  the  oven  was  left  off 
for  '.he  remainder  of  the  test  during  which  time  the  oven  temperature  main¬ 
tained  a  temperature  level  of  Q0°F.  slightly  higher  than  room  temperature. 
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The  experiment  was  run  for  six  days  coding  at  1600  hours  20  August, 
Throughout  the  period,  the  capsules  remaining  in  each  pan  wore  counted 
and  the  pans  weighed  to  determine  reductions  in  soil  moisture.  The  re¬ 
sults  are  presented  in  Table  1  of  Appendix  £. 

Results 

As  can  be  seen  from  Table  1  of  Appendix  £•  breakage  of  capsules; 
began  sometime  between  1345  hours  18  August  and  0800  hours  19  August 
in  the  pans  which  had  had  soil  moisture  of  75%  to  85%.  At  the  time  the 
breakage  had  been  noted,  the  soil  moistures  had  fallen  to  less  10% 
in  all  four  pans.  At  0900  hours  on  20  August,  breakages  were  noted  ha 
the  pans  which  had  had  100%  soil  moisture.  At  the  time  of  the  latter 
breakages,  the  soil  moisture  was  six  and  four  percent  in  the  two  pans. 

No  breakages  were  noted  in  the  pans  which  had  had  a  starting  moisture 
of  25%  or  0%. 

From  these  observations  it  was  hypothesized  that  the  breakage  Ui 
due  to  the  capsule  walls  absorbing  water  and  expanding,  then  allowing  fe* 
contents  to  expand  when  exposed  to  high  soil  moisture  conditions  for  dura¬ 
tions  of  as  little  as  2  days,  and  then  rupturing  when  the  surrounding  envi¬ 
ronment  moisture  drop  caused  the  walls  to  shrink  and  break  from  increased 
internal  pressure. 

To  test  this  hypothesis  a  second  trial  was  run. 

Trial  2: 

Procedure 

The  same  procedure  was  used  in  Trial  2  as  was  used  in  Trial  1 
with  the  exceptions  that  the  oven  was  first  heated  to  105°  and  then  turned 
o££  throughout  the  trial  thus  eliminating  the  need  to  add  water  a  second 
time.  The  oven  dropped  to  81°  in  18  hours  arid  maintained  that  tempera¬ 
ture  throughout  the  experiment. 

Tire  test  was  run  from  2000  hours  20  August  to  0730  hours  26  August 
following  the  procedure  outlined  in  the  first  soil  moisture  experiment. 
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Results 

The  results  o £  Trial  2  (Table  2  of  Appendix  E)  were  virtually 
identical  to  Trial  1.  Breakages  occurred  first  in  the  pans  which  had 
had  50%  soil  moisture  and  last  in  those  which  had  had  100%  soil  mois¬ 
ture.  No  breakage  occurred  in  those  which  had  had  2 5%  and  0%  soil 
moisture  (See  Figure  9)«  From  this  experiment,  it  appeared  that  the 
capsules  of  the  type  used  for  the  test  will  break  independently  of  exter¬ 
nal  forces  when  fi ret  left  to  stand  in  wet  coils  and  then  hydrated  by  the 
drying  of  the  soil.  Since  such  soil  conditions  are  entirely  likely  in  the 
tropics,  it  appeared  advisable  to  devise  a  capsule  wall  material  which 
would  not  exhibit  moisture  absorption  and  loss  characteristics. 

These  results  were  reported  to  Stanford  Research  Institute  per¬ 
sonnel  and  a  discussion  revealed  the  possibility  that  the  cause  might 
not  be  physical  (i.  e. ,  the  swelling  of  capsule  walls  which  had  imbibed 
considerable  water,  followed  by  a  detumescent  state  leaving  the  walls 
thin  aat  brittle,  finally  rcptsiring  at  some  weak  strain  point. ) 

There  is  a  distinct  possibility  that  the  process  was  biolytic. 
either  the  result  of  bacterial  metabolism  or  enzymatic  action  in  the  soil. 

The  cell  wall  is  a  treated  gelatin  in  which  peptide  linkage  has 
occurred,  basically  of  an  aldehyde- amine  type,  De-aminating  bacteria 
awl  those  bacterial  agents  which  fix  nitrates  in  the  soil  from  ammonia* 
are  highly  ubiquitous  and  would  certainly  be  found  in  large  numbers  in 
tropical  soil.  They  should  not  be  able  to  aifset  a  breakdown  in  capsule 
walls,  unless  peptide  hydrolysis  has  taken  place.  It  may  be  that  long 
exposure  to  high  moisture  causes  this  hydrolysis  and  iu  the  presence  of 
de-aminating  soil  bacteria,  decomposition  takes  place.  There  ha?  been 
evidence  that  bacterial  activity  {protolysis)  begins  when  14%  or  more 
water  is  introduced  tc  the  material  in  capsule  walls. 

It  was  felt  that  we  should  quickly  ascertain  whether  or  not  the  spon¬ 
taneous  rupturing  of  capsules  in  trials  1  and  2  were  physical  or  biological 
in  nature.  A  third  trial,  therefore,  was  run. 
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Figure  9 

Spontaneous  Capsule  Rupture  in  MoiBt  So il  »  Trial  No*  2 


Trial  3: 


Procedure 

Eight  aluminum  pans  were  weighed  and  filled  with  10  gms.  of  soil. 
Distilled  water  was  added  to  each  pan  to  bring  the  water  content  to  60%. 

Pans  1  and  2  contained  finely  screened  loam  from  a  flower  bed* 
probably  rich  in  soil  organisms.  ‘This  was  later  verified  when  a  few 
milligrams  of  this  soil  were  cultured  in  Trypiicase  Soya  Broth  medium 
for  24  hours  at  85°C.  and  resulted  in  a  rapidly  growing  colony  of  gas* 
producing  organisms. 

Pans  3  and  4  contained  an  artificial  soil  (aluminum  oxide  powder) 
which  would  serve  as  a  very  poor  bacterial  substrate. 

Pans  7  and  8  contained  the  screened  loam  of  the  flower  bed.  bat 
it  had  been  washed  thoroughly  with  first,  an  acid  solution,  then  a  strong 
alkali,  then  a  water  bath,  an  alcohol  bath,  a  final  water  bath,  followed 
by  a  drying.  This  procedure  should  have  removed  all  of  the  organic 
agents  present. 

In  each  of  these  pans  were  placed  10  of  the  1.6  mm.  size  capsules 
containing  toluene. 

Into  Pans  5  anti  6,  containing  normal  screened  loam  as  in  Pans 
1  and  2,  -went  10  capsules  whose  walls  had  been  pre-treated  with  Merthio- 
lat  *.  Solution,  an  effective  bacteriostatic  agent.  They  were  then  dried 
in  the  light  of  an  ultraviolet  lamp. 

All  8  pans  went  into  the  environmental  chamber  which  had  been 
preheated  to  100°F.  with  high  relative  humidity. 

Results 

After  3  days  (72  hours)  all  capsules  in  all  pans  were  broken,  giving 
every  indication  of  physical  rather  than  bacteriological  decomposition. 

Under  the  ultraviolet  lamp  (Mercury  line  3650  X)  the  remaining 
husks  of  the  Merthiolate  treated  capsules  still  fluoresced  strongly,  indi¬ 
cating  the  presence  of  the  bacteriostatic  agent.  This  seemed  to  add  further 
weight  to  the  proposition  that  disintegration  of  the  capsule  walls  was  not  the 
result  of  bacteriological  agents. 
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Trial  4: 
procedure 


A*  •till  another  check  or  the  bacterial  decomposition  hypothesis* 
three  pane  of  loamy  soil  were  heated  in  an  oven  for  4  hours*  at  450  F« 
to  500°F„  which  should  have  been  sufficient  to  kill  any  organism  in  the 
soil.  Two  pans  were  wet  to  50%  soil  moisture*  with  distilled  water*  and 
the  third  pan  to  only  25%  soil  moisture. 

Toluene  capsules  were  deposited  on  these  three  beds*  and  they 
were  immediately  covered  with  a  sheet  of  filter  paper*  which  screened 
the  soil  from  most  air  laden  organisms*  and  yet  allowed  the  evaporation 
of  the  moisture. 

Results 

Capsules  in  the  preheated  and  sterilised  soil*  within  24  hours* 
began  to  lose  physical  integrity.  Some  were  broken,  but  moot  were 
merely  wrinkled,  warped  and  dissicated.  Study  under  a  150k  binocular 
magnifier,  indicated  that  they  appeared  to  have  lost  most  or  all  o£  their 
liquid  contents.  They  were  folded  like  a  football  with  all  the  air  withdrawn. 
This  was  true  even  of  the  capsules  in  only  25%  soil  moisture. 

Suspicion  was  raised  as  to  whether  or  not  the  type  of  capsule  might 
be  giving  these  unusual  results.  In  Trials  1  and  2.  the  capsules  had  con¬ 
tained  dicthylbenxeae  (D.  E.  B.  ).  All  subsequent  tests  had  utilised 
toluene.  It  was  conjectured  that  water  absorption  by  the  capsule  walls 
might  be  making  them  more  pervious  to  toluene  leakage. 

Trial  5: 

Procedure 

In  order  to  find  out  if  capsule  content  was  a  factor*  and  in  order  to 
investigate  further  the  possibility  of  bacterial  decomposition,  the  following 
test  was  conducted. 

Six  aluminum  pans  were  prepared  as  follows: 
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Pan  No. 

Substrate 

Wetting  Agent 

Capsules 

1 

Soil 

Water  50% 

D.  E.  B. 

2 

Soil 

Water  50% 

Toluene 

3 

Soil 

Phenol  Solution  50% 

D.  E.  B. 

4 

Soil 

Phenol  Solution  50% 

Toluene 

5 

Distilled 

Water  100% 

D.  E.  B. 

6 

Distilled 

Water  100% 

Toluene 

All  pan*  were  placed  into  the  environmental  chamber  at  85°F.  after 
the  capsules  were  seeded  into  the  substrate. 

Results 

After  24  hours  of  incubation,  all  of  the  toluene  capsules  in  all  media 
including  water  were  collapsed  and  wrinkled,  having  lost  the  fluid  tsfamw. 
The  diethylbenxene  capsules,  on  the  other  hand,  appeared  to  show  no  dis¬ 
tortion  of  shape,  or  loss  of  elasticity.  This  indicated  that  either: 

1 .  water  hydration  of  a  capsule  wall  m&kee  it  assrs 
pervious  to  diffusion  of  some  organic  materials 
such  as  toluene  than  to  others,  or 

2.  the  batch  of  toluene  capsules  with  which  we  were 
provided  had  capsule  walls  made  in  a  different 
manner  somehow  than  were  the  D.  £.  B.  capsule 
walls. 

The  latter  case  would  indicate  either  the  use  of  a  modified  techni¬ 
que  or  poor  quality  control. 

While  these  tests  were  being  conducted,  a  rainstorm  was  occurring 
in  the  area,  and  one  of  the  company's  flower  bed  planters  was  sown  with 
both  toluene  and  D.E.  B.  capsules.  As  predicted,  after  24  hours  (12  of 
rain  and  12  of  drying)  the  D.  E.  B.  capsules  were  intact,  the  toluene  cap¬ 
sules  either  disappeared,  or  appeared  as  shrivelled  husks.  Distortion 
of  the  toluene  capsule's  shape  began  after  only  2  or  3  hours  in  the  rain. 

It  was  decided  that  there  was  already  conclusive  evidence  to  rule 
out  bacterial  decomposition.  Therefc  we  did  not  go  ahead  with  our 
plans  for  growing  soil  bacteria  in  inoculated  Triptocase  Soya  Medium 
Broth  for  use  in  future  tests. 
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Trial  6: 

Procedtara 

Several  toluene  capsules  were  placed  into  salt  solution*.  Tboto 
placed  into  dilute  solution*  of  sodium  chloride,  did  not  appear  to  differ 
appreciably  from  those  in  distilled  water.  The  capsules  placed  in  con¬ 
centrated  salt  solutions,  however,  quickly  lost  much  of  their  transparency, 
turning  opalescent,  but  Kept  their  sphericity.  After  36  hours  there  was 
no  sign  of  wrinkling.  Iocs  of  fluid  or  elasticity. 

This  would  lead  one  to  believe  that  the  high  concentration  of  salt 
ions  outside  of  the  capsule,  causes  an  osmotic  gradient  to  take  place, 
pulling  water  out  of  the- capsule  wall.  This  dehydration  make*  the  capsule 
wall  more  impervious  to  the  outward  diffusion  of  the  toluene. 

Capsules  treated  with  salt  water  and  then  placed  into  pans  of  dis¬ 
tilled  water,  slowly  hydrate  again,  so  that  after  24  hours,  they  are  again 
folded  and  wrinkled,  having  lost  toluene. 

Results 

After  five  days,  these  capsules  in  concentrated  salt  solution  still 
showed  no  sign  of  disintegration,  which  represented  a  survival  increase 
approaching  2  orders  of  magnitude. 

Discussions  with  Stanford  Research,  personnel  revealed  that  National 
Cash  Register  data  reported  the.  appearance  of  permeability  of  the 
capsule  wall  when  a  hydration  figure  of  28%  water  occurred.  This  value 
is  remarkably  close  to  the  value  we  had  surmised  from  the  original  soil 
moisture  rupture  data  (See  Figure  9. ) 

The  solubility  of  the  reagent  in  water  appears  to  affect  the  speed 
of  this  loss,  which  is  a  logical  expectation.  Capsules  of  toluene 
(C^HjCHj)  for  example,  aad  bemcae  (C^H^)»  with  solubility  rates  of 
4?  milligrams  and  82  milligrams  per  100  ml.  of  water  respectively 
(at  20°C.  )  are  prone  to  self-rupture  to  a  considerably  greater  degree 
than  are  xylene.  (C^H^  (CH3)2).  and  diethylbenaene  and 

l,  1,  1  -  trichloroethane  (CHj  CCl^)  capsules,  all  of  those  contents  arc 
considered  relatively  insoluble  in  water  at  20°C. 
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H  appear#  therefore*  that  there  are  three  methods  for  increasing 
capsule  longevity  in  the  presence  of  soil  moisture. 

1.  By  putting  fatty*  waxy*  or  other  hydrophobic 

materials  into  the  capsule  walls.  Paraffin  has 
been  a  successful  inclusion*  and  one  of 

fluorescent  capsules  has  been  produced  in  which 
the  reagent  (brighlener.  Fiurol  ob)  has  been 
dissolved  in  a  cottonseed  oil  base*  *r»d  the  capsule 
walls  treated  with  beeswax.  These  capsules  have 
survived  to  date  (10  days)  in  fresh  water  with  no 
sign  of  disintegration. 

2.  By  modification  of  the  coacervatio**  techniques  to 
tighten  the  protein  linkage*  which  implies  a  greater 
dehydration  of  the  gelatin*  and  a  greater  resistance 
to  rehydration. 

3*  By  employing  very  water  insoluble  vehicles  when 

solutions*  dispersions  or  emulsifications  are  called 
for.  The  Fluorol  OB  in  cottonseed  oil  is  a  good 
example.  The  insolubility  in  water  of  cottonseed 
oil  should  provide  a  degree  of  protection,  even 
without  a  waxy  coating.  Other  suitable  bases  would 
be  the  aliphatic*  like  pentane,  heptane  and  octane. 

Particular  effort  was  directed  toward  waterproofing  the  chlorinated 
hydrocarbon  capsules.  An  experimental  batch*  therefore*  was  produced 
in  which  the  1*  1*  1-  trichlor  ethane  (55%)  was  diluted  with  33%  iso-octane. 
The  remaining  12%  represents  the  protein  capsule  wall.  The  addition  of 
the  aliphatic  iso- octane  has  apparently  increased  the  lifetime  of  the  cap¬ 
sule  in  water  so  that  it  meets  the  capsule  specifications  (Section  5.2.3). 

While  the  dilution  causes  a  loss  of  reagent  per  capsule*  the  problem 
of  making  large  capsules  has  been  solved,  so  that  4  and  5  mm.  diameter 
capsules  are  easily  obtainable.  A  4mm.  capsule  containing  a  reagent  whose 
density  is'v'1.2  gms/cc  would  hold  between  30  and  40  mgm.  of  fluid* 
and  since  only  50%  is  useful  reagent,  there  is  still  15  to  20  mgrns.  per 
capsule. 
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Leueo  dy«c  have  been  dissolved  in  a  vehicl*  of  (i)icmc  which 
should  make  diffusion  losses  approach  zero,  even  in  the  presence  of 
wafer, 

5,3.3  CONCLUSIONS 

The  physical  environment  will  affect  to  a  marked  degree,  the 
behavior  and  lifetime  of  capsules  and  the  release  time  and  diffusion 
of  the  capsule  released  agents. 

1.  Because  of  their  shape  and  elasticity,  preliminary 
tests  indicate  that  capsules  will  penetrate  fairly 
dense  foliage#  but  that  the  canojvy  will  tend  to  distri* 
bate  them  more  widely,  so  that  ground  density  will 
be  as  little  as  10%  of  the  density  obtained  in  seeding 
open  area. 

2.  Oxidization  and  sunlight  do  not  appear  to  have  any 
effect  on  capsules.  No  brittleness  of  capsule  walls 
was  noticed  in  exposed  capsules,  over  the  several 
months  of  the  program. 

3.  Moisture  in  the  environment  greater  than  20%  caused 
physical  deterioration  of  some  capsules,  involving  a 
speed  up  of  the  natural  diffusion  losses  through  the 
capsule  walls.  With  a  loss  of  the  internal  phase# 
these  capsules  puckered,  folded  and  finally  collapsed. 

It  was  shown  that  the  disintegration  was  due  to  physical 
forces,  not  bacterial  or  enzymatic  decay.  Methods 
proposed  to  combat  this  effect  included: 

a.  a  fighter  linkage  of  the  gelatin  protein, 

b.  the  inclusion  of  hydrophobic  materials 
in  the  wall  structure,  and 

c.  the  use  of  highly  insoluble  vehicles  at 
part  of  the  internal  phase. 
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Capsules  have  been  made  which  incorporate  the  first 
change  (a.  above)  by  substituting  gum  Arabic  for  the 
cavageenan  in  phasing  out  the  gelatin  (See  Appendix  A*) 

Capsules  coated  with  beeswax  were  produced  as  an 
example  of  the  second  method  of  waterproofing. 

The  third  method  was  proven  feasible  by  using  iso-octaa* 
and  silicone  as  reagent  diluters. 

All  three  methods  have  proven  to  be  successful  in 
prolonging  the  capsule  lifetime  in  the  presence  of 
water  or  soil  moisture  by  at  leait  two  orders  of  mag¬ 
nitude  and  there  is  no  reason  to  doubt  that  capsule  life 
on  the  exposed  ground  cannot  eventually  reach  the  rains 
of  many  months. 

4,  The  affects  of  climatological  and  micr ©meteorological 

as  well  as  terrain  features*  on  released  airborne  tracers 
involved  considerable  library  research  and  several 
field  trips.  Aside  from  the  effects  of  wind  velocity* 
local  eddies  and  turbulence,  it  was  felt  that  the 
capping  inversion  layer,  which  appears  to  i>e  an 
almost  daily  occurrence  over  heavily  forested  areas* 
will  profoundly  affect  the  concentrations  of  tracers 
as  a  function  of  both  time  and  distance  from  the 
release  point. 

It  is  recommended  that  further  study  be  made  of  tropical  inversions 
and  weather  conditions  as  they  affect  vapor  dispersion  and  travel. 

5.  4  TASK  AREA  HI  -  DISSEMINATION 

Proper  reagents  for  marking  and  adequate  sensors  for  detection  are 
of  little  practical  use  if  the  capsules  cannot  be  given  useful  dissemination 
in  the  area  to  be  monitored. 
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A  useful  dii«eminati«tt  system  must 

1*  be  mcdunicaUiy  compatibto  with  eximtiag  aiircnft 
with  little  or  2x0  modification  to  the  air  frame  and 
with  no  disturbance  to  the  aerodynamic  flow# 

Z .  be  as  completely  automated  as  possible#  with  all 
vital  information  pre-set  before  flight#  leaving 
the  pilot  free  to  maneuver  the  aircraft. 

3.  carry  a  load  sufficient  to  ’’seed"  a  reasonably 
large  area#  so  that  large  numbers  of  aircraft 
are  not  required  to  cover  a  tactical  field  of 
interest# 

4.  be  compatible  in  performance  with  the  aircraft# 
attitude  »nd  speed  requirements# 

5.  be  designed  so  as  not  to  rupture  capsules  during 
release#  and 

6.  be  able  to  spread  capsules  to  minimum  required 
densities  on  the  ground.  This  is  a  function  of 
capsule  release  rate,  aircraft  speed#  and  the 
actual  mechanical  structure  of  the  system# 

5.4.1  DISPERSAL  CALCULATIONS 

Regardless  of  aircraft  speed#  regulation  of  the  air  iattaka  diameter 
can  set  the  exit  speed  of  the  ram  air#  thus  cne  can  effectively  keep  a  con¬ 
stant  effluent  velocity  in  the  disseminator  air  stream# 

-1 

Assuming  that  this  velocity  is  kept  at  200  mph  (300  feet  see.  ),  and 
assuming  the  hopper  releases  one  pound  of  capsules  per  second#  since  a 

A 

pound  of  capsules  represents  *f  x  SO  capsules,  then  one  second's  dissemina¬ 
tion  will  put  9  Jt  10*  capsules  over  300  linear  feet. 

If  the  discharge  tube  is  configured  so  that,  at  expected  dispersal 
altitudes,  a  100  foot  wide  path  is  sown,  the  density  of  capsules  will  bo  3 
capsules  per  foot^.  (See  Figure  10).  Previous  tests  have  shown  a  capsule 
rupture  rate  of  about  205*  for  a  footstep  in  a  square  foot  on  hard  soil.  Thus 
we  could  expect  a  footstep  to  break  a  maximum  of  one  capsule,  releasing 
5  mgm.  of  agent  into  the  air,  with  a  probability  of  occurrence  of  60*5. 
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To  cove?  a  square  mile  of  territory#  the  aircraft  would  have  to  seed 


36  x  I06  ft2 
3  x  lC4  ft2 


3  1200  seconds#  or  20  mimttee# 


This  would  cover  one  square  mile  or  a  linear  strip  100  feet  wide 
and  60  milee  in  length. 

The  required  load  aboard  the  plutt  would  be  1200  pounds  of  capsules# 

Since  the  cap*\Jes  weigh  about  .001  lb.  per  cm  ,  this  load  would  occupy 
6  3 

about  1.2  x  10  cm  #  or  roughly  1  cubic  meter. 

If  the  hopper  bin  contains  a  stacked  vertical  array  of  thin  poly  ethylene 

camnsters#  each  3  feet  long  and  4  inches  in  diameter#  each  mutter  will 

+3  3  -3  .J 

contain  about  7x10  cm  .  At  1  jr  10  lbs.  cm  this  represents  7  pounds* 
There  will  be#  therefore#  about  170  cannisters  in  a  load. 

An  unrealistic  assumption  being  made  in  all  calculations#  regards 
the  dispersal  of  capsules  »a  being  relatively  uniform.  This  appeared  to  be 
true  to  a  first  order  of  appreadmatien  in  the  simulated  disperses  test  dis¬ 
cussed  in  Section  5.  3.  1.  1#  “Effects  of  vegetation".  This  uniformity#  how¬ 
ever#  appeared  to  be  the  result  of  rs.?dom  porting  and  distributing  by  the 
foliage.  The  actual  dispersal  from  the  aircraft  onto  open  fields#  would 
probably  behave  more  like  the  results  seen  in  the  dispersal  study  carried 
on  by  the  U.  S.  Department  of  Agriculture  -  Forestry  Service,  in  re- seeding 
burnt  timber  lands  with  grass  seeds#  from  both  helicopters,  and  Beechcrait 
planes.  See  Appendix  F. 

Since  one  of  the  seed  types  in  their  study#  Tall  Fescues#  weighs 
approximately  1.2  mgro.  per  seed#  matching  very  closely  the  1  mm.  cap¬ 
sules  in  weight  and  since  the  dispersal  rate  of  Tall  Fescue  seeds  was 
2.2  lbs.  per  acre,  or  1400  lbs.  per  square  mile,  which  almost  exactly 
equals  the  dispersal  rate  of  a  proposed  capsule  disseminator#  it  would 
be  interesting  to  compare  the  ground  density  of  seeds  or  capsules  per 
square  foot,  as  a  function  of  lateral  distance  from  the  centerline  marking 
the  aircraft's  path  over  the  ground. 
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For  cap«ule*«  ataumiag  a  200  mph  air  spued  iu  the  disseminator# 
and  500  foot  aircraft  altitude,  2  pound*  per  »econd  release  rate#  Figure 
10  would  indicate#  over  the  supposed  100  foot  wide  swath#  a  dispersal 
density-  of  5  capsules  per  square  foot.  This  is  plotted  in  Figure  11  with 
the  results  of  the  Forestry  Service  test  for  tall  fescue  seeds. 

It  is  reasonable  to  assume  that  in  the  absence  of  foliage#  the 
pattern  would  approach  that  of  the  grass  seed  results,  la  the  presence 
of  a  canopy,  a  curve  somewhere  between  the  two  in  Figure  )  1  would  result# 

$.4.2  The  Delivery  System 

Compromises  must  be  made  to  allow  the  design  of  a  capsule 
delivery  system  which  is  both  versatile  and  reliable;  the  first  characteris¬ 
tic  implies  complexity  and  the  second#  simplicity. 

Crop  dusting  and  rice  seeding  techniques  are  not  very  instructive 
because  these  operations  are  carried  out  below  the  stall  speed  of  aircraft 
like  the  F-IOG  and  F-iCS. 

Two  alternate  schemes  were  derived#  each  with  certain  advantages, 
and  both  described  below. 

Scheme  I  -  Vertical  Cannistcrg 

Capsules  are  loaded  into  thin  walled#  lightweight#  rectangular 
polyethylene  canniatera.  The  camuster  is  color  coded  and  labeled  so 
that  the  contents  of  the  capsules  are  known.  Canmsters  are  approxi¬ 
mately  3,3"  x  3.  3"  in  cross  sectional  area#  and  35"  in  length#  and  are 
loaded  into  the  cannister  wells  in  the  hopper  before  the  mission.  When 
filled#  each  cannister  should  weigh  about  7  lbs.  As  it  is  rammed  home 
into  the  well*  the  thin  Mylar  film  which  serves  as  it*  end  seal  is  ripped 
by  a  blade  at  the  bottom  of  the  well.  The  released  capsules  are  held  in 
the  cannister  well  by  the  metallic  plate  beneath. 

If  a  mission  is  to  deliver  several  types  of  capsules  to  the  same 
area,  this  is  accomplished  by  the  arrangement  of  the  cannisters  and  the 
subsequent  firing  order. 
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In  Ch#  bate  plate  of  the  hopper  are  the  hinged)  doors  to  the  cannleter 
wells  which  are  fired  open  by  primers  upon  electrical  impulse  from  a 
logic  device.  This  eliminates  the  need  for  mechanical  linkages  and  more 
complex  relays.  The  reliability  of  the  firing  mechanism*  is  therefore 
enhanced*  Figure  12  is  a  Block  Diagram  of  this  Release  Mechanism 
Control. 

If  the  total  load  is  to  contain  50  eannisters  of  fluorescent  con¬ 
taining  materials*  for  example  {No.  1-50),  50  eannisters  of  leuco-dye 
containing  materials  (No.  51-100)  and  50  eannisters  of  chlorinated  hydro¬ 
carbon  (No.  101-150),  and  the  area  to  be  covered  is  to  be  seeded  equally 
with  all  three,  the  timing  mechanism  can  deliver  one  pulse  per  second, 
and  the  logic  device  can  send  the  first  pulse  to  open  caxmisters  Now  1, 

51,  and  101,  and  the  next  pulse  to  open  simultaneously,  eannisters  No, 

Z„  52,  102,  et  cetera  until  the  last  canmstera  are  emptied. 

The  released  capsules  drop  into  the  lower  section  of  the  hopper 
and  through  m.  asch  where  a  valve  determines  the  rate  of  feed  the  air- 
stream.  ‘The  valve  may  be  pre-set  before  the  mission,  ite  flow  rata 
dependent  on  the  ground  density  r equir ed, which  in  turn  would  depend  on 
the  type  of  terrain  to  be  seeded  and  the  type  of  mission  and  potency  or 
detectability  of  the  encapsulated  reagents. 

The  »ir»trr.?ni  velocity  is  kvspt  constant  (at,  for  example,  300 
feet  per  second)  regardless  of  aircraft  velocity,  by  use  of  a  valve  or 
diaphragm  at  the  intake  scoop.  A  email  velometer  in  the  air  tube,  posi¬ 
tioned  before  the  hopper  inlet,  reads  air  velocity  in  the  tube  and  sends 
a  signal  to  make  correction*  in  the  valve. 

In  this  way,  with  automatically  adjusting  air  stream  speeds,  pre¬ 
set  hopper  feed  rate,  and  pre-set  programmed  capsule  release;  the  pilot 
is  free  to  fly  his  mission  in  regard  to  location,  air  speed  and  altitude 
without  distraction  from  the  weapon  system.  He  need  only  press  the 
button  to  activate  the  system,  or  an  abort  button  to  cut  it  off  at  any  point 
if  he  feels  that  he  must  leave  the  area  or  alter  the  mission  abruptly  due 
to  enemy  action  or  unforeseen  mechanical  problems. 
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Figuiffl  5* 

Block  Diagram  oi  the  Automatic  Dlaaomliiatior  HaUaaa  Machanlam  Control 
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Figura  13 

Mock*  Up  Disssmin&tor  Instillation 


szsaa 


Scheme  L  the  Vertical  Hopper  had  to  be  modified  the 

maximum  vertical  displacement  available  is  48  inches.  Since  the  census* 
ter i  alone,  are  35”  tall,  this  leaves  13”  for  a  sloping  hopper  collector* 
lace  plate,  neck  containing  a  valve,  and  diameter  of  the  air  intake  duct. 

Thus  the  following  modifications  were  decided  on.  as  illustrated 
in  Figure  14. 

The  cannistcrs  release  their  caps  tiles,  after  the  hatch  is  blown* 
into  a  plenum  pan  2”  high  and  15  feet^  in  surface  area  which  matches  the 
surface  area  of  the  cannister  hopper.  At  the  front  end.  it  tapers  to  a 
6**  diameter  tube  which  contains  the  valve  mechanism  controlling  capsule 
flow  rate.  This  inserts  into  the  air  duct  below  which  is  a  flat  duct  about 
2  inches  high  and  2  feet  wide. 

When  the  capsule  flow  valve  is  opened  at  the  moment  the  pilot 
activates  the  system,  a  second  valve  opens  simultaneously  at  the  front 
end  of  the  hopper  allowing  some  air  from  the  air  intake  tube  to  be  shunted 
tc  the  pan.  This  creates  a  small  positive  pressure  and  the  vacuum  created 
at  the  capsule  release  valve  by  the  ram  air  carries  the  capsules  into 
the  air  stream  for  dissemination.  The  valve  must  be  carefully  configured 
to  allow  shut-off  without  smashing  capsules  into  a  wall,  possibly  a  short 
length  of  flexible  tubing  which  can  be  constricted  by  a  collar  leaving  a 
streamlined  profile. 

Because  of  the  dimensions  of  the  available  area  as  gleaned  from 
the  aircraft  model.  Scheme  Q,  the  horizontal  cannister  array*  was  felt 
to  be  too  space  consuming  since  air  intake  and  outlet  lines  had  to  expand 
gradually  to  cover  the  entire  front  and  rear  cross  sectional  areas  of  the 
hopper.  Thus,  this  scheme  was  rejected  as  a  fuselage-borne  piece  of 
gear. 

it  is  amenable,  however,  with  some  modification  in  dimensions,  to 
pod  mounting  on  the  wings  of  a  larger  aircraft.  Pod  mounting  in  wing 
pylons  makes  loading  and  mounting  very  convenient. 
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If  the  plastic  cannisters  are  now  configured  60  inches  long*  with 
2"  x  2"  cross  section*  the  capsule  containing  capacity  is  240  cubic  inches* 
as  compared  with  360  cubic  inches  in  the  vertical*  fuselage  mounted 
cannisters  of  Figure  14,  The  number  of  canaister®  is  a  2"  x  2*'  cross 
sectional  pylon  is  144,  Thus  2  pylons  contain  288  cannisters  each  carry¬ 
ing  4, 7  pounds,  A  total  load  of  1*  350  pounds,  as  compared  with  150 
vertical  cannisters  carrying  7  pounds  each  or  i*  050  pounds. 

This  is  shewn  in  Figure  15*  an  artists*  conception  of  the  pod 
mounted  horizontal  caanister  disseminator.  The  inset  drawing  indicates 
the  necessity  for  maintaining  a  space  between  the  door  which  explodes 
inward  and  the  capsules*  restrained  by  a  mesh  screen. 

5.4,3  Capsule  Dissemination  Testa 

In  order  to  show  system  feasibility*  1.6  mm.  capsules  were  re¬ 
leased  through  a  funnel  into  a  hole  in  a  long  5/8'*  diameter  pipe.  Sam 
air  at  45  psi  was  blown  into  the  front  cai  of  the  pipe.  Capsules  wars 
swept  into  a  plastic  bag.  There  appeared  (by  appearance  and  odor)  to 
be  no  breakage  at  all.  Since  the  pipe  area  is  about  1/3  square  inch* 
the  capsules  were  subjected  to  15  pounds. 

The  test  indicated  that  the  basic  configuration  of  a  vacuum  auction 
on  the  hopper  due  to  ram  air.  is  feasible  and  simple. 

It  is  suggested  that  a  carefully  controlled  test  be  conducted  in 
which,  through  the  use  of  au  accurate  pressure  gauge,  the  above  test 
be  repeated  with  stronger  and  stronger  air  jets  until  a  measurable  degree 
of  breakage  is  detected  by  an  appropriate  halogen  detector  or  hydro¬ 
carbon  detector  in  an  enclosed  capsule  capture  area. 

There  was  some  question  as  to  whether  or  not  a  capsule  at  the 
bottom  of  a  3  foot  column  could  support  the  weight  of  the  load  above, 
during  aircraft  vibration,  without  rupturing,  A  glass  column  of  proper 
dxmens ions  was  filled  to  a  height  of  3  feet,  and  tnen  shaken,  with  no 
apparent  loss  of  capsules  at  the  bottom,  so  this  does  not  appear  to  be  a 
problem. 


CAPSULE 

RESTRAINING  SCREEN 


5. 4,4  Conclusion* 


Two  basic  disseminator  designs  are  discussed*  one  a  fuselage* 
mount®.')  piece  of  equipment  which  attaches  in  line  with  an  air  intake 
and  outlet  scoop  fixed  in  the  body.  The  basic  construction  is  one  of  an 
array  of  vertical  plastic  cannisters,  each  of  which*  on  signal  can  dump 
its  contents  into  a  plenum  pan  where  vacuum  sucks  it  into  the  duct  and 
out  into  the  airstream. 

The  second  configuration  is  one  of  a  horizontal  can-meter  array* 
pylon-mounted  under  the  wings*  and  blown  out  by  ram  air. 

Both  systems  are  compatible  with  existing  aircraft}  operate 
automatically  with  pre-flight  information  fed  to  the  control  mechanisms 
carry  enough  of  a  load  to  cover  a  square  mile  with  from  4  to  6  capsule* 
per  square  foot  expected  density;  permit  easy  loading  of  capsule*  into 
cannisters*  and  cs. Ministers  into  canaister  wells;  cannistere  are  re¬ 
coverable  for  re-use;  automatic  valves  control  air  speed  passing 
through  the  system  and  capsule  feed  rate  Into  the  airstream.  Cmiptexity 
is  minimum. therefore,  reliability  should  be  high. 

5.  5  TASK  ARKA  IV  -  AIRBORNE  TRACER  DETECTION 

It  was  assumed  that  aggressor  activity  would  cause  the  release 
of  a  volatile  tracer  from  crushed  capsules  on  the  ground*  and  that  pro¬ 
cesses  of  atmospheric  diffusion  and  upward  mixing  would  result  in  a  more 
or  less  stable  cloud  of  tracer  at  altitudes  accessible  to  low-flying  detector- 
equipped  aircraft.  Air  sampling  and  analytical  instrumentation  was  known 
to  be  commercially  available  for  determining  very  low  concentrations 
C^O.  01  -  1  ppm)  of  many  common  air  pollutants*  and  devices  of  very 
much  greater  sensitivity  were  at  least  theoretically  feasible.  To  evaluate 
the  usefulness  of  the  airborne  tracer  detection  idea*  it  was  necessary  to 
consider  existing  or  theoretical  physico-chemical  instrumentation  for 
ultra-rapid  continuous  analysis  of  extremely  low  concentrations  of  air¬ 
borne  gases  and  vapor3.  The  features  of  the  detection  concept,  including 
the  design  for  the  laboratory  tests  (5,  5.  2)  are  shown  in  the  Bloch  Diagram 
of  Figure  1  6, 


Dlagf*m>Sch«m«t  for  Deletion  of  Airborne 


5.  5.  1  Feasible  Techni 


goes 


5.  5.  1.  I  Radioactive  Tracer* 


The  leaver  limit  of  sensitivity  of  presently  available  air  analysis 
instrumentation  of  the  continuous  flow,  direct  response  type*  is  in  Uh> 
order  of  parts  per  billion*  ppb  (See  5.  5,  1.  3). 

For  comparison*  consider  the  sensitivity  of  radiological  detec¬ 
tion  techniques.  For  this  purpose*  one  can  calculate  that  a  1.  0  ppb  con¬ 
centration  of  HO*  expressed  as  a  weight/ volume  relationship  is  given  by 


1.0  * 


whence 

x  * 

the  acid 

concentration  * 


x  mg/liter  x  24,  5  x  10^ 
36.5 

1.5  x  1<T*.  or 
1.5  x  *0*^  §*g/i 


On  the  other  hand,  available  radiological  monitoring  instruments  can 

reliably  measure  concentrations  of  radioisotopes  of  the  order  of  micro* 
-125 

microcuries  (10  c)  per  liter.  As  an  example,  consider  the  naturally 

occurring  radon  isotope  8a^,  t.  3.  8  days*  specific  activity  o 

5  222 

1.  55  x  10  curies/gm.  A.  concentration  of  25  ppc/ liter  Ra  is  readily 

detectable  with  a  commercially  available  portable  airborxs  radioactivity 

monitor  of  the  continuous  flow,  ionisation  chamber  type.  This  activity 

concentration  C%  can  be  expressed  as  a  weight/ volume  ratio: 


25  x  10~U  c/1 
I.  55  x  10^  c/gffi 


gra/1 


1.  6  x  10”10  pg/1 
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It  is  apparent  that  direct  radiological  method*  of  measurement  are*  at 
least  theoretically*  seven  orders  of  magnitude  more  sensitive  than 
ordinary  physico-chemical  methods.  Consequently*  the  use  of  a  tagged 
tracer  agent  (for  example*  a  volatile  hydrocarboa  solvent  containing 
carbon  -14  or  tritium)  immediately  suggests  itself  as  the  basis  of  a 
possible  airborne  tracer  detection  technique*  However*  the  problems 
of  public  health*  safety*  and  political  propaganda  inherent  in  the  disse¬ 
mination  of  radioactive  materials  made  this  investigation  unattractive 
and  it  was  not  pursued. 

5.5.  1.2  Radioisotope  Exchange 

As  a  practicable  method  for  exploiting  the  advantage  of  the  ultimate 
sensitivity  inherent  in  radiological  detection*  the  concept  of  the  two-stage 
detection  system  was  advanced  by  The  Bissett- Berman  Corporation,  la 
this  scheme*  the  airborne  gas  or  vapor  of  interest  would  react  with  a 
radioisotope-tagged  chemical  in  an  appropriate  bed  or  c©?«a as  to  release 
radioactive  gas*  which  would  be  monitored  by  a  downstream  radiological 
detector.  Several  different  type  reactions  ware  originally  prop oaed*  but 
the  one  chosen  as  having  the  maximum  promise  was  the  hydrochloric  acid  - 
sodium  sulfite  reactions 

2  HC1  4  N»2^°3 - — >  2NaCl  4  &>2  f  4  HzO 

{$  «  sulfur  -35) 

The  unique  advantages  of  this  reaction  as  a  basis  for  the  airborne  tracer 
detector  concept  included  a)  the  straightforwardness  and  simplicity  of 
the  reaction*  which  was  believed  to  have  a  high  yield  efficiency  for  SO^i 
b)  the  availability  of  HC1  from  encapsulate  agents  such  as  chlorinated 

hydrocarbons;  and  c)  the  long  half-life  (88  d.  )  and  energy  (0.  2  Mev  E  max) 

35 

of  the  S  beta  emission*  which  is  easily  detected  by  electron-sensitive 
scintillation  phosphors. 
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5,  5.  1.  3  Non- Radiological  Techniques 

CoBvemtioaai  iaitrum<nttl  analytical  devices  lor  tin*  rapid  detec¬ 
tion  and  measurement  of  extremely  low  concentrations  (0. 01  -  1  ppb)  ©f 
airborne  contaminants  are  not  suitable  tor  the  presently  considered  tracer 
concept  because  either  a)  they  cannot  detect  in  the  ultra-low  range  ei 
interest,  or  b)  they  do  not  respond  quickly,  i.  e.  ,  give  a  detection  signal 
which  lags  tho  instant  of  sample  intake  by  an  acceptably  small  time  incre¬ 
ment  (0. 1  -  1  sec. ).  It  is  characteristic  of  the  present  "state-of-the-art** 
of  (non—  radioactive)  air  pollution  analysis  that  a  very  high  degree  of  sen¬ 
sitivity  is  attainable  only  with  a  substantial  sacrifice  in  response  speed. 

In  general,  devices  capable  of  detecting  concentrations  of  lees  than  parte 
per  billion  (for  example,  trace  quantities  of  atmospheric  polkhsts) 
accomplish  this  by  collecting  very  large  air  volumes  over  long  sampling 
time  periods,  a«l  by  removing  and  concentrating  the  materials  of  interest 
in  a)  appropriate  liquid  or  solid  absorbents  or  ads  or  bents,  bj  freese-ont 
traps,  or  c}  filtration  ersdia..  Fcr  example*  Erley  (Reference  17}  reviewed 
a  technique  for  measuring  50-100  ppb  (0.  05  -  0.  1  p pm)  chlorinated  hydro¬ 
carbons  in  air  using  silica  gel  adsorption  and  sampling  times  of  the  order 
of  several  minutes  to  extend  sensitivity* 

One  of  the  most  sensitive  commercial  devices  available,  tho 
Mine  Safety  Appliance  Company's  "Billionaire"  Analyzer,  is  reportedly 
capable  of  measuring  concentrations  of  HC1  in  air  down  to  a  lower  limit 
of  1-2  ppb  by  reacting  the  acid  with  ammonia  (from  a  stored  supply)  and 
passing  the  resultant  ammonium  chloride  aerosol  into  a  sensitive  ioniza¬ 
tion  chamber  (in  contrast,  the  manufacturer  claims  a  minimum  sensitivity 
for  chlorinated  hydrocarbons  and  sulfur  dioxide  of  only— » 300  ppb).  The 
instrument's  speed  of  response  is  reported  to  be  high  (I-f»  sccondu. ) 

5.  S.  2  Laboratory  Tests 

Laboratory  tests  on  the  chemistry  of  the  radioisotope  exchanger 
technique  were  completed  during  the  study  period.  The  reactions 
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HCI  ♦ 


332T 


were  carried  out  with  standard  laboratory  apparatus  and  method*  (See 
Figure  it)  under  condition*  of  toown  acid  concentration  and  sampling 
flow  rate.  In  a  typical  test  sequence*  a  small  vokme  of  dry  HCI  jss 
was  generated  in  a  flask  by  the  reaction  of  concentrated  sulfuric  acid  on 
sodium  chloride,  and  was  swept  into  a  20-liter  glass  carboy  for  temporary 
•torage.  The  carboy  concentration  was  determined  by  acid-base  titrs- 
tiou  of  water  samples  through  which  known  air  volumes  were  drawn  in  an 
impinge*  flask.  It  was  found  that  this  concentration  would  remain  nearly 
constant  over  a  period  of  several  hours  and  that  three  successive  100- ml. 
air  sample*  could  be  withdrawn  w«h  satisfactorily  reproducible  titration 
results. 

An  acid  concentration  of  200  ppm  (actually  calculated  19b  ppm) 
was  prepared  in  the  carboy  and  drawn  together  w  :th  dilution  air  tisrswagn 
a  glass  column  containing  3.  5  gm.  anhydrous  reagent  sodium  sulfite 
rUj&Oy  into  a  midget  impinger  containing  a  known  quantity  of  staxch- 
iodine  reagent,  until  the  color  was  discharged,  by  reduction  of  the  iodine 
to  iodide: 

S°2  +  I2  f  2H20  - »SO=  *  2X"f  4H+ 


The  time  required  for  decolorixation  to  be  completed  was  accurately 
measured.  The  technique  and  reagent*  used  were  described  in  Reference 
18.  The  "molecular  conversion  efficiency"  defined  as  molecules  S02 
produced/molecules  HOI  available  was  calculated: 

Carboy  sampling  rate  0.050  1/min. 

Dilution  air  flow  rate  *  1.01/rom. 


Normality  solution  * 

Volume  1^  solution  * 

No.  of  m  moles  1^  * 

No.  of  m  moles  S02 

equiv,  3 

Molecules  S02  * 
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0.  0025 
1.0  ml. 

0.  D02‘  0 

0. 00125 

1.  25  x  10'^  m  mole  as 
>o 

6  x  10*"  molecules/  m  mole 
17 

3  7.5xI0m 
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Time  to  decoiwrwi  I, 

Concentration  at  HCi 
1*  carboy 

Coneentratioa  of  HO 
in  »ir»tmra  through 
exchanger 


Uolccolee  HCI 


Molecular  coavtrsioa 
efficiency 


8. 25  min. 


196  ppm  ■  0.  29  mg/1 


196/20  liter  s  9. 8  ppm 
(or  0.  29/29  lifer  * 

0. 015  mg/  lifer} 

Tmm  x  0.  29  mg/1  x 
5  x  10*^  1/m  x  6  x  10^® 
molecules /m  mole 

36. 5  mg/m  mole 

»  1.9SX191* 


molecules  SOj  *  7.5  x  1©^'# 

molecule*  HCI  19.  8  x  16J 
>»  0.  171 


In  "blank"  test  rone  to  prove  that  tbs  color  change  (iodine  redaction} 
was  a  fcsctioa  of  the  S<,V  concentration  only,  a)  aeid-firsa  (rccss  sir)  was 
passed  successively  through  the  column  and  the  iodine  reagent;  and  b) 
acid/air  mixtures  wore  bubbled  through  the  indk  c-  igeat,  bypassing  the 
exchange  column  altogether.  In  neither  case  uvjy»  a  color  change  in  the 
iodine  reagent  detectable,  indicating  that  at  this  acid  concentration  level 
(jft/lQ  ppm  in  air  in  contact  with  the  exchange  reagent)  the  eoacexsCraticn 
of  "signal"  SO^  is  very  much  greater  than  that  of  "noise"  or  backgrouud 
S07.  i.n«  limitations  of  the  chemical  test  used  here  to  detect  SO^  iaclodad 
a)  uncertainty  in  detection  of  the  earliest  stages  in  the  color  change  (i.  e.  . 
detection  of  the  sulfur  dioxide  concentration  “ frost"  leaving  the  exchanger); 
and  b)  uncertainty  in  the  visual  detection  of  the  reaction  end  point. 

Tests  carried  eufc  on  the  usefulness  of  N&H  SO.  (sodium  bisulfite) 

•  -d  (sodium  meta,M«  -Hite)  as  exchange  reagents  showed  that  they 

yielded  high  c  one  e*v  rat  ions  of  when  acid-tree  air  was  passed  through 
them.  te  "background"  concentration  levels  were  of  the  order  of  mag¬ 

nitude  expected  from  acid/ai r  exchange  tests.  Only  the  normal  salt,  sodium 
sulfite,  was  found  suitable  as  the  packing  for  the  exchange  column. 
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TSfc  caa«  for  illustrative  purposes  only,  assign  arbitrary  (but  rsa* 

•  enable)  values  to  some  of  the  operations  parameters.  For  example#  a 
reasonable  speed  for  the  search  aircraft  would  be  200  hoots  (230  m/h; 

338  f/s).  The  ambient  air  most  therefore  be  sampled  at  this  turns  (linear) 
rate,  and  the  resultant  volume  flour  rate  will  be  fixed  by  tbs  intake  doet 
diameter.  Since  it  is  desirable  to  have  a  maximum  volume  flow  consistent 
with  minimum  velocity  through  the  components,  a  small  doct  leading  to  a 
large  diameter  detection  system  k  predicated. 

_ _  . _  -  .  .  2 


Intake  doct  area 

Intake  velocity 

Intake  sampling 
rate 

System  Creos- 
Scctue  Area 


0.  1  c  a 
104  ci.a/sec. 

103  cm3/ sec. 


Uf2 


Velocity  of  sample 
through  Detector  21  f/m 

**.  Detection 
System  draws  a 
1.  0  liter  sample  in 
traversing  333  fed 
(in  1  sec.  ) 


While  there  is  no  way  of  reasonably  predicting  the  oavaiiabSa  tracer 

(i.e.  »  chlorinated  hydrocarbon)  concentration*  it  is  conservative  to  assume 

a  value  of  0.01  ppb  (It  ppm).  Taking  into  account  large  losses  in  the 

pyrolysis  and  exchange  steps,  this  my  be  converted  with  a  net  overall 
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efficiency  of  0.01  to  SC,,  yielding  a  '  usable"  SO,  concentration  of  10 
- 10  ^  ‘ 

ppm*  or  2.  6  x  10  mg/1,  since,  from  the  volumetric  formula  (5.5.  1.  1); 


The  specific  activity  of  S3^  is  4.  34  x  :.0*®  pc/g  and  the  specific  activity 
of  S350£  is  therefore  2.  17  x  10^  pc /mg. 

This  is  equivalent,  in  terms  of  specific  radioactive  decay  rate,  to 
7  4 

2.  17  x  10  tic  /mg  x  3.  7  x  10  dis/sec.  j*c 
=  8.05  x  10**  dis/sec.mg. 
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We  have  therefore 

3.  05  x  S0^  dis/sec.  mg  *  2.  6  x  10  ***  mg/I 
•  ZlOdle/see.  1. 

If  the  scintillatior.  detector  sensitive  volume  ie  of  the  order  of  1.0 

liter,  it  will  have  available  to  it  210  dis/sec. /sec.  It  ie  expected 

that  thie  level  ehould  exceed  the  background  activity  by  some 

unknown  value,  approaching  one  to  two  orders  of  magnitude. 

It  ie  instructive  to  compare  the  sensitivities  of  radiological 

and  non- radiological  detection  systems.  It  has  been  shown  that  one 

of  the  most  sensitive,  fast-responding  commercially  available 

analytical  instruments  can  detect  as  little  as  1.  0  ppb  (r  10~^  pg/  i) 

HC1  in  air  and  that  a  typical  radiological  detector  could  "see"  as 
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little  as  10  pg/1  of  a  radioactive  isotope.  It  appears  that  a  very 
large  advantage  in  sensitivity  is  to  be  gained  by  the  incorporation 
of  a  radiation  detection  step  in  the  proposed  concept.  The  actual 
(L  «. .  practicably  attainable)  magnitude  of  this  advantage  lies 
in  the  estimated  loss  in  conversion  of  tracer  agent  to  the  Uggei  final 
product. 

5.5.1  Discuss  ion 

An  instrumental  concept  was  developed  on  the  basis  of 
existing  techniques,  the  experimental  data,  and  seme  theoretical 
considerations.  Figure  18  shows  the  generalised  configuration  of  the 
detection  system  components.  The  overall  process  may  be  summar¬ 
ized  as  follows: 


Atmosphere  —  /-?■££ tlCl  — - 

Chlorinated  Hydrochloric 

Hydrocarbon  Acid 


HC1  gxch*pS*$p.  so. 
<N  aSOj)  1 


Radiological 
Detector 


N. 


>  Signal 


■  Readout 


Hydrochloric 
Ac  id 


=  sulfur  -  15) 


\  Exhaust 

Atmosphere 


sEssn 


The  pyrolysis  of  chlorinated  hydrocarbon*  to  hydrochloric  acid 
(among  other  product*)  by  contact  with  silica  or  platinum  at -v  / 00°  C.  is 
a  commonly  used  procedure.  (Reference  19)  The  conversion  of  tfce  acid 
to  the  radioisotope-tagged  sulfur  dioxide  is  expected  to  supply 
sufficient  radioactivity  for  the  downstream  detector  to  yield  a 
usable  signal.  Anthracene  or  sodium  iodide  (J- scintillation  phosphors 
and  associated  circuitry  are  available  which  may  reasonably  be 
expected  to  respond  to  the  tagged  gas  rapidly  and  efficiently. 

The  air  pump  is  required  to  provide  constant  and  .uniform  air  flow 
through  the  filter  and  exchange  elements. 

It  is  difficult  to  specify  the  sampling  rate  and  instrumenta¬ 
tion  dimension  and  performance  parameters  with  any  degree  of 
precision  in  view  of  the  large  uncertainties  in  available  tracer 
concentrations  and  in  component  characteristics  (i.e.  .  efficiency 
of  exchange  at  high  flow  rates).  One  factor  which  bears  signifi¬ 
cantly  on  this  concept  is  that  the  desired  response  is  qualitative 
"go-no  go"  rather  than  a  quantitative  concentration  estimate. 

The  detector  system  is  required  only  to  give  a  positive  response 
in  the  presence  of  airborne  tracer,  and  concentration  of  which  is 
greater  than  some  arbitrarily  selected  level,  and  to  remain,  passim 
the  rest  of  the  tins'). 

5.  5. 4  Conclusions 

From  these  studies  on  airborne  tracer  detection,  the  follow¬ 
ing  general  conclusions  are  reached: 

1.  Chlorinated  hydrocarbon  vapors  are  potentially 
suitable  airborne  tracers  because  they  offer  promise 
of  being  detectable  at  very  low  concentrations  after 
being  released  to  the  atmosphere  from  broken  or 
crusoed  capsules  on  the  ground. 

2.  A  generalized  airborne  detection  system  for  the 
dispersed  tracer  can  be  predicated  on  the  basis  of 
present  conventional  technology  and  straightfor¬ 
ward  theoretical  considerations. 
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In  order  to  support  the  design  of  practical  hardware* 
further  information  is  needed: 

a.  The  actual  attainable  conversion  efficiencies 

for  RCL _ at  high  rates  of  1X<m 

through  components  of  varying  configuration; 

an A 

b.  the  performance  characteristics  of  radiological 
(scintillations  detectors. 

5.  6  TASK  AREA  V  -  LONG  RANGE  OPTICAL  OETF.CTION 

OP  AIRBORNE  TRACERS 

The  previous  section  dealt  with  the  detection  of  tracer  materials 
pot  into  the  ajr  and  detected  by  aircraft  through  a  sampling  t<cluuqo>. 

It  would  be  very  desirable  to  possess  the  ability  to  detect  the 
presence  of  tracer  materials  in  the  atmosphere  without  the  need  tor 
sampling.  For  one  thing*  the  task  ox  constructing  an  and 

efficient  sampling  .system  would  be  alleviated.  For  another*  the  aircraft 
is  then  free  to  search  at  a  distance;  it  need  not  have  to  run  into  a  cloud 
of  tracer  material  to  find  it. 

The  ultimate  long  range  system*  as  mentioned  in  Section  5.  1 .  Z 
would  be  an  automatic  scanning  device  whkh  scanned  until  detection 
occurred  and  then  automatically  locked  on  with  an  electronic  notifica¬ 
tion  to  the  pilot  v/ho  then  would  either  mark  the  area  on  his  map  or  take 
whatever  action  was  necessary  to  fulfill  hi*  particular  mission. 

5«.  6.  1  Theory 

The  optimum  method  ©£  long  rang©  detection,  appears  to  be  optical; 
that  is,  the  detection  of  electromagnetic  radiation  and  changes  in  this 
radiation  in  the  long  wave  ultraviolet,  the  visible  or  the  short  w.  a  i.  fea¬ 
red  regions  o£  the  spectrum.  These  rad>  •  encompassing  A  ^  h»  Sre- 

13  ,  Jt 

quencies  from  about  5  x  10  cycles  pe*  : corn!,  to  l.h  x  10  cycles  per 
second  can  be  handled  by  standard  optica,  techniques  of  reflection,  re¬ 
fraction,  dispersion,  scattering  and  abso;  «tion„ 


5.6.  ».l 


Colored 


One  soc.>  technique  would  to  tit*  release  from  the  eagwwJj***  of 
reagents  which  appear  colored;  that  is  «i£«h  pcaaxaa  atoorpthn  lines 
5a  the  visible  region  of  the  spectrum.  TIW  pilot  or  tto  eeaeer  wosM  cee 
what  appeared  to  be  &  colored  cloud  b&ngtay  over  the  canopy.  Covertness 
is  sacrificed., 

A  more  attractive  possibility  is  the  release  of  a  reagent  gas  or 
vapor  which  is  colorless,  bet  which  on  iwidaticia  sa  the  air,  or  in  tb« 
presence  of  high  energy  photons  from  sunlight/  becomes  cel-wed.  Thus 
the  enemy  is  unaware  tbit  he  has  released  a  mgeet,  unless  he  looks  np 
through  the  tree  tope  and  sees  tto  colored  cloud  temfmg. 

5.  6. 1.  Z  Cloud  Formers 

A  variation  of  Ibis  technique  would  employ  a  material  vbkh  vhm 
released*  oxidM&ee-  or  reacts  with  the  water  vapor  in  the  air  to  fng-na  clouds 
net  necessarily  colored.  The  process/,  in  Hue  case,  is  tto  &anrt?^jea  of 
a  scattering  aerosol  of  particulate  sire,  rather  thaw*  adasnerptaae. 

Calcium  carbide  powder  for  examples  it  it  could  be  encapemSafcsd^ 
would,  after  capsule  rupture*  react  strongly  with  moietssre  on  the  ground 
and  in  the  atmosphere  to  give  rise  to  acetylene  gas.  The  strong  odor  of 
this  gao  i  however*  makes  it  too  easily  detectable  by  ground  forces*, 

A  more  interesting  variation  would  entail  a  doable  encapeulatuxu 
(either  a  capsule  within  a  capsule,  or  two  capsvileo  attached)  owe  portion 
containing  a  strong  oxidizer  like  mefhylothyl  ketone  peroacida  *od  tfe»  other, 
containing  cobalt  naphthenate.  A  delayed  catalyzed  auto  aativiaiic.'a  reaction 
occurs  which  is  exothermic.  After  the  double  capsule  is  ruptured,  fits 
reagents  mix  slowly,  emitting  more  and  more  heat.  Finally*  a  critical 
temperature  is  attained*  and  the  reaction  goes  o if  with  a  small  explosion 
creating  a  white  cloud  which  rises  slowly.  By  the  time  this  occurs  tha 
guerrilla  agent  whose  footsteps  broke  the  capsules,  has  passed  many  yards 
down  the  trail. 
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Spectroscopic  Auslyii# 


Spectral  analysis  of  either  absorption  lines  or  fluorescent  lines 
of  a  vapor is  a  well  established  technique  for  determining  the  presence 
of  small  quantities  of  material, 

A  spectroscopic  absorption  technique  requires 

1.  An  adequate  source  of  radiation, 

2.  A  sufficient  quantity  of  the  gas  or  vapor  to  be 
detected.  This  in  turn  requires  a  sufficient 
concentration;  sufficient  path  length  and  sub  - 
stantial  absorption  coefficient. 

3.  A  means  for  isolating  the  appropriate  spectral 
bond'i'idth, 

t.  A  detect or  sensitive  to  change  in  the  spectral 
bandwidth  of  interest. 

5.  6.  2  Calculations  and  Diacttisioa 


5.  6.  2, 1  Colored  CJacea  and  Cloud  Former* 

If.  wan  decided  that  the  spectral  absorption  techniques  would 
probably  provide  maximum  feasibility*  and  therefore,  no  defcuilwd  study 
wm  made  of  the  cloud  formers  and  colored  gases. 

Many  of  the  conclusions  reached  in  next  section  5.  6.  2.  2  concerning 
absorption  linas  i»  the  visible  regions,  apply  to  the  study  of  colored  gases. 

5. 6.  2.  2  Spectroscopic  Analysis 

Passive  suad  Active  Detection  in  the  Visible  Spectrraa 

Early  calculations  performed  indicated  that  the  density  of  vapor 
molecules  released  from  the  capsules  by  a  small  troop  movement  might 
be  of  the  order  of  2  x  10“^  molecv'  .s  per  square  centimeter  a»  viewed 
from  the  aircraft.  Another  calcvjation  indicated  that  the  absorption  cross 

section  is  given  approximately  by  the  equation 

,  .2.2 

_2  til tfe  X 


SOT 


wh «ro  X  is  tbs  wavelength  of  the  Absorbed  radiation  And  dX  is  th®  width 
of  ths  absorption  band.  Using  a  value  for  X  of  5000  M  which  is  in  the 
middle  c '  the  visible  spectrum  ons  obtains  a  value 

a  4.5  sc  10*^  cis''/moloeaU 

The  prcdoct  of  this  number  and  tbo  density  of  molecules  given  above  is 
much  larger  than  one.  indicating  very  heavy  absorption  of  the  radiation 
passing  through  the  vapor  cloud. 

Although  the  experimental  and  theore  ical  feasibility  studiee  in4fra*e 
that  the  simple  theory  presented  in  the  proposal  is  substantially  correct, 
it  was  found  that  there  are  serious  practical  difficulties  in  implementing 
the  system  as  described.  The  principal  problem  being  Inch  of  available 
molecules  having  absorption  bands  in  the  visible  which  axe  also  stable 
and  amenable  to  capsule  dissemination. 

inog-gataas  yapwrre 

There  are  very  few  inorganic  gases  or  vapor®  which  have  sbswptkn 
bands  in  the  visible.  Those  which  have  been  found  which  might  be  seatahlo 
are  ths  halogens  and  certain  nitrogen  compound*.  Among  the  hal«gsse» 
chlorine*  bromine,  and  iodine  all  form  vapors  by  mean*  of  hanoeadsxr, 
diatomic  molecules  such  a«  Cl^  and  Xj,  Although  each  of  tkw 

absorbs  in  the  visible*  the  symmetry  ui  the  molecule  dees  net  allow  etoc~ 
trie  dipole  absorption  so  that  the  formula  presented  above  for  v  is  not 
correct  for  these  moleculce.  The  absorption  cross-aectura  would  have 
to  b&  reduced  by  at  least  a  factor* 

vv  1 

Nitrogen  chloride  (KC1^)»  nitr  osyl  chloride  (HOC!)*  and  nitrogen 
dioxide  (NO^)  all  decompose  in  light,  absorbing  energy  in  the  visible 
portion  of  the  spectrum.  In  these  cases  the  light  is  absorbed  over  the 
region  4100-4700  X  and  in  the  last  case  the  absorption  ia  ove  r  almost  all 
of  the  visible  spectrum  in  bands  which  are  more  or  loss  periodic. 
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Nitrogen  dioxide  (NO^)  would  have  to  be  produced  at  tha  cmbing 
of  thee  capsule,  a  process  which  add*  additional  compltoations.  Nitrogen 
chloride*  however*  i*  a  yellow*  oily  liquid  which  evaporate*  rapidly  a«td 
is  soluble  in  benzene  and  insoluble  in  water  being  a  good  material  for 
encapsulation.  It  is  highly  unstable*  however*  and  might  be  dangerous 
to  work  with  in  large  quantities. 

Other  inorganic  vapors  which  absorb  in  the  visible  haw  been 
looked  for  in  the  literature  but  none  have  been  found  which  do  not  resell 
in  the  decomposition  of  the  molecule  by  the  action  of  the  Bight. 

Organic  Vapors 

Similar  problems  are  encountered  when  examining  organic  mole¬ 
cule*  £?.•  absorption  in  the  visible.  An  additional  difficulty  arises*  how¬ 
ever  *  in  that  most  organic  molecules  are  of  a  high  molecular  weight. 
Consequently,,  if  they  vaporize  at  all.  their  molecular  weight  keeps  them 
Sow  to  the  ground  and  would  not  allow  for  tkeir  diffusion  up  through  tbs 
jungle  canopy  .  It  is  therefore  necessary  to  confine  our  intention  to 
rather  simple  organic  molecules. 

light  absorption  in  organic  molecules  takes  place  in  one  or  two 
more  or  less  distinct  ways.  Hither  fixe  bond  between  an  atom  and  the 
rest  of  the  molecule  or  a  small  group  of  atom*  and  the  rest  of  the  mole¬ 
cule  will  resonate  at  the  absorbing  frequency  or  the  entire  molecule  cam 
resonate  between  two  states  w  ith  electrons  shifting  over  a  relatively  largo 
area.  The  latter  case  is  the  mechanism  by  which  organic  dyes  absorb 
light  very  intensely  in  the  visible  spectrum.  This  phenomenon  is  pro¬ 
nounced  only  when  the  molecule  (and  its  molecular  weight}  is  sufficiently 
large  ao  that  good  coupling  is  obtained  to  the  «lectrcmagnetic  field  with 
correspondingly  large  wavelengths  of  the  visible  spectrum. 

The  feasibility  to  obtain  absorption  in  the  visible  with  resonance 
at  a  single  bond  between  the  molecule  and  one  of  it*  groups  (called  a 
chromophoric  groupjcaa  be  determined  by  examination  of  Table  3. 
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Table  3 

Gtrotnophork  Gr«wp« 


Group 

Example 

h  * 

max* 

Intensity*  E 

CssrC 

£%leas 

10*000 

C~C 

Acetylene 

6.000 

C=rN 

Ac  etas dm* 

5.000 

(SN 

Acetonitrile 

1600 

CsO 

Acetone 

£706 

15.8 

CHO 

Acctalnehyde 

293d 

11.8 

co2h 

Acetic  acid 

2040 

40 

conh2 

Acetamide 

2080 

Nsssjl 

SMssccsaethaaa 

4100 

1.200 

N=0 

NitTMoimUas 

3000 

6650 

100.20 

NO Z 

Kitrome  thane 

2710 

18.6 

ONO 

Octyl  nitrite 

2300 

3700 

2. 200. 55 

ono2 

. 

Ethyl  nitrate 

2700 

12  f 

From  this  table  it  will  be  seen  that  there  are  only  two  groups  which  fall  into 
the  visible  spectrum*  the  diaxo  group  aitd  the  nitroso  group.  Of  these  the 
simplest  molecules  having  these  groups  are  diaxo  methane  (CH^N^)  which  is 
dc composed  by  light  at  the  absorption  frequency  and  nitroso  butane  (C.H^NC 
which  on  the  other  hand,  is  so  heavy  a  molecule  that  it  would  not  diffuse 
vertically  over  any  significant  distance.  A  similar  objection  can  be  made 
to  the  use  of  octyl  nitTite. 

The  group  CHO  was  thought  to  hold  some  promise  because  in  its 
simplest  molecule,  glyoxal.  (CHOCHO)  it  was  found  to  have  a  slightly 
yellow  color  with  absorption  at  4555  Experiments  were  conducted  with 
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glyoxal  to  meaiurt  the  absorption  bands  but  were  completely  unsuccessful* 
the  reason  being  that  glyoxal  cannot  be  obtained  in  its  pure  terra  since  it 
spontaneously  polymerizes  into  long-chain  molecules  which  do  not  vaporize* 
It  can  only  be  obtained  in  a  30%  water  solution  which  did  not  have  sufficient 
vapor  pressure  to  produce  a  vapor  of  sufficient  density  to  result  in  labora¬ 
tory  detection  of  the  absorption  bends*  For  this  reason  it  would  not  be 
suitable  for  the  TREAD  application. 

An  examination  of  Table  3  indicates  that  all  other  chromophoric 
group*  have  absorption  bands  which  lie  below  2850  JL  Since  the  ozone 
layer  of  the  atmosphere  absorbs  radiation  below  2850  X  there  are  no  other 
groups  which  can  be  used  passively. 

The  possibility  of  ultraviolet  absorption  in  the  region  from  2850  X 
to  4000  X  was  discussed  in  the  paragraphs  above.  A  brief  examination  of 
the  feasibility  of  using  induced  fluorescence  in  the  ultraviolet  was  also 
conducted  with  similar  negative  results.  All  fluorescent  materials  which 
could  be  found  had  relatively  high  molecular  weights  and  did  not  readily 
produce  vapors  which  would  diffuse  vertically  to  a  region  where  they  could 
be  observed  from  an  aircraft. 

The  possibility  remains  of  utilising  a  light  source  <m  the  aircraft 
to  illuminate  the  vapor  released  from  the  capsules.  The  vapor  could 
reveal  its  presence  by  the  absorption  of  the  light  beam  reflected  from  the 
canopy  or  by  induced  fluorescence  from  the  light  beam.  In  either  case  a 
very  powerful  light  source  is  required  because  of  the  long  ranges  involved. 
Calculations  indicate  that  the  technique  is  not  feasible  unless  the  light  beam 
has  a  wavelength  shorter  than  the  solar  radiation  or  else  fluctuations  in 
the  background  due  to  sunlight  will  completely  mask  the  reflected  signal. 

This  requires  a  light  source  of  wavelength  shorter  than  2850  X*  A  high 
intensity  light  source  of  this  wavelength  or  shorter  dees  not  presently  exist. 
Either  a  carbon  arc  or  a  mercury  vapor  lamp  are  all  that  are  presently 
available  and  neither  will  produce  sufficiently  intense  illumination  for  th® 
system  described.  It  is  possible  that  a  laser  can  be  developed  which  will 
radiate  below  2850  however,  such  a  device  does  not  presently  exist. 

Thus,  it  can  be  gen-rally  stated  that  the  visible  region  of  the  spectrum  holds 
little  potential  value  in  the  system  concept  outlined. 
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The  spectroscope  in  almost  all  of  its  applications  has  sufficient 
illumination,  because  the  gas  to  be  studied  has  bees  captured  in  a  sample 
bottle,  and  the  desired  illuiniaaticm  is  supplied. 

In  this  case,  however,  the  sample  is  free,  mixed  in  the  atmosphere, 
and  observed  from  a  distance.  The  only  illumination  available  is  the 
ambient  sunlight,  scattered  in  the  atmosphere,  or  reflected  from  clouds 
or  from  the  earth. 

The  first  task,  therefore,  is  to  determine  if  this  source  of  radiant 
energy  is  adequate  for  the  task. 

Figure  19  indicates  the  irradiance  at  the  receiver  optics  from 
Rayleigh  scattered  sunlight  versus  wavelength.  The  peak  of  the  curve  falls 
below  the  5000  R  wavelength  which  marks  the  peak  of  a  6000°  K  light  source 


like  the  solar  disc. 

If  a  vapor  like  toluene  or  bentene  is  released  into  the  atmosphez  t, 
it  appears  that  ooth  of  thesa  hydrocarbons  have  a  asarre 


at  1.16(1, 

At  this  wavelength,  according  to  Figure  1%  there  are  A  x  10~^  watts 

2  -1  -1  ' 
cm  |&  etrnd  . 

If  we  assume  the  use  of  an  interference  Alter  of  the  type  called  55*- A 
Infra  Red,  by  The  Optics  Technology,  Incorporated  and  if  we  assume  a 
telescope  collector  with  an  ft  Inch  diameter,  and  a  photomultiplier  tube 
with  a  near  infra-red  sensitive  surface,  it  is  possible  to  determine  the 
adequacy  of  the  illumination. 


a - a 

J 

wft 

IAco»l  &XToTFTA  “* 

where 

J 

* 

radiation  at  the  cell 

1 

a 

background  radiance  *  4  x  1  O'  ^  watts 

A 

a 

-2  -1  -l 

cm  |i  aterad 

3  x  102  cm2 

cou 

T 

o 

optical  transmission  *  0.7 

T 

F 

s 

peak  filter  transmission  *  0.  35 

74 

atmospheric  transmission*  0,7 
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Figure  19 

Spectral  Energy  Available  from  Sunlight  and  Scattered  Sunlight 
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4  K  or  half  width,  accordihgto  Optic*  Technology,  Incorporated  e  predi¬ 
cation*  is  3%  of  the  centre!  wavelength,  or  .  03k*  The  band  pas*  wave¬ 
length  i*  0*  10k  t  O.OS(»# 

If  we  consider  a  very  fast  system*  like  F-2*  the  focal  length  I# 
therefore  2  x  the  diameter*  or  !6”.  A*»ominj<  the  cell  area  is  1  em\ 
the  field  of  view*  w*  . 025  and  the  solid  angle  is  6.  25  x  10  ^  stored  ians. 

J  *  4  x  10*®  watts  which  is  easily  detectable  by 

a  cell  with  a  N.E.P.  of  abent  10"11, 

The  next  major  question  is  this;  is  the  absorption  bend  intense 
enough  to  be  eerily  detected. 

The  atr.ouai  of  absorption  by  an  atom  or  a  molecule  in  the  visible 
or  near  infrared  portion  of  the  spectrum  can  be  calculated  to  a  first  order 
using  classical  or  quantum  mechanical  expression*  for  the  absorption  of 
an  oscillating  dipole.  Both  classical  and  quantum  mechanical  analysis 
yield  the  following  conation: 

2  e^ 

S  .  2«  -Z—  I0  ( V 

me 

where 

S  m  the  absorbed  energy  per  second  by  a  molecule. 

I  (v  )  dv  is  the  incident  energy  per  cm^  per  second*  and  dv  is  the 
o  1  o# 

bandwidth  of  the  absorption  line.  Also,  e  and  m  are  the  charge  and  mass 
of  the  electron  and  c  is  the  velocity  of  light. 

The  absorption  cross  section*  is  given  by 


where 

X  *  t.ke  wavelength  of  the  absorption  line 

<1X  a  the  line  width 
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Assuming  a  value  of  1.  Ik  lot  h  (3. 1  x  i 0  ^  cm)  «sd  a  lis«  width  »fpr«xi> 

mating  the  filter  pace  band  half  width#  or  3  *  SO'  cm# 

then 

9^  *  7  x  1  O'**  cm^  per  moleeale. 

Taking  into  consideration*  the  correction  factor  d 
2 


2«e 


he 


I 

137 


9^  becomes  5  x  10 


•17 


To  determine  the  number  of  absorbers  in  a  typical  problems#  we 
will  assume  that  1  gram  of  material  is  released  in  an  area  of  1  x  10* 
providing  a  vapor  concentration  (c)  of  approximately  0.  01  (igm  per  cm*'  aa 
viewed  from  above.  Since  benzene  has  a  molecular  weight  (MW)  of  78#  Dais 
presents  to  the  observer  a  density  of  vapor  molecules  of  N* 

where 

23 

AN  s  Avogardr  oh  number  *  6  x  10  molecule/mole 

N  *  7.7  x  1013  molecules 

Since  the  ratio  of  non-absorbed  energy  Io  is  related  to  the  incident 
energy  1.^  by  the  Lambert* Beer  relationship 

•Hi1  x 

I  »  I-  6 

o  an 

it  is  possible  to  determine  the  absorption  in  the  spectral  line  for  various 
path  lengths  (X),  See  Table  4. 

Table  4 


Path  Length  (X  cm} 

1 - 

Absorption 

vw 

1  mm 

'■'*1.  0 

1  cm 

^  1.  0 

10  cm 

.965 

100  cm 

.680 

1000  cm  (330*) 

.020 

10000  cm  (3,  300’) 

10-15 
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According  to  the##  optimUtic  eAkulationi*  even  small  clouds 
should  demonstrate  »  measurable  energy  loss  through  absorption* 

It  must  be  remembered  that  the  assumption  was  mads  that  the  filter 
hall  width  equaled  approximately  the  lino  width*  where  as  in  £sct 
the  line  width  might  prove  to  be  as  much  as  2  orders  of  magnitude  less 
broad  than  the  half -width  of  309)  jL 

5.  6, 3  laboratory  Teste 

5.  6. 3.  1  Colored  Gases  and  Visible  Absorption 

Experimental  measurements  were  made  in  the  laboratory  on  various 

halogen  vapors  and  it  was  found  that  the  absorption  is  indeed  lower  than 

the  theoretical  value  calculated  without  talcing  into  account  the  loss  factor 

of  2tr  or  about  1 
~Sc“‘  T37 

Measurements  were  made  on  nitrogen  diwdde  (NC,)  in  sufficiently 

small  quantity  to  confirm  that  the  absorption  intensity  is  of  the  order  indi¬ 
cated  by  the  calculations.  Nitrogen  dioxide*  however*  like  nitrogen 
chloride  (MCI  j)  and  nitroeyl  chloride  (NOC1)  suffer  from  the  same  opera¬ 
tional  problems  in  that  they  absorb  light  by  decomposing  the  molecule 
into  colorless  constituents  and  thus  the  absorbing  vapor  persists  only  from 
seconds  to  minutes  which  would  allow  insufficient  time  for  detection. 

5. 6.  3.  2  Cloud  Formers 

Time  did  not  permit  a  study  of  the  delayed  reaction  cloud  forming 
reagents.  One  such  combination  felt  to  be  most  promising  was  the  methyl- 
ethyl  ketone  peroxide  and  cobalt  naphtheaatc  auto  oxidation  reaction*  but 
no  attempt  was  made  to  acquire  and  test  these  reagents. 

Instead*  in  order  to  get  some  idea  as  to  the  magnitude  of  cloud 
size  with  small  quantities  of  reagent,  the  following  test  was  conducted. 

Two  grams  of  ethyl  alcohol  were  poured  into  a  glass  beaker,  swished 
about  and  poured  oat.  3cc  of  concentrated  nitric  acid,  was  then  added  to 
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the  beaker  whose  wall*  were  coated  with  the  alcohol*  After  a  30  second 
delay*  an  explosion  took  place*  sending  up  a  visible  reddish  brewn  cloud 
of  nitrogen  dioxide* 

C2HjOH  +  H  NOj  — — »  HzO  +  Cof  +  Nof  *  other  oxides  o i  nitrogen* 

rhe  cloud  attained  a  height  of  about  4  feet  and  an  approximated  volume  of 
20  cubic  feet*  lasted  from  10  to  15  seconds*  and  finally  dissipate*,  through 
diffusion*  dilution  and  downwind  motion  by  a  slight  breeae. 

It  is  difficult  to  evaluate  this  type  of  performance*  a  series 

of  dense  opaque  clouds  appear  again; t  a  dark  brown  or  green  field*  visible 
recognition  from  reasonable  distances  might  be  a  possibility.  QumM  cloud 
formers  be  broken  under  a  tree  canopy*  it  is  very  unlikely  that  they  would 
remain  in  tact  long  enough  or  in  concentration  sufficient  to  penetrate  the 
canopy  and  still  exist  as  opaque  or  colored  clouds.  Detection  would  be 
highly  unlikely* 

5.  6. 3.  3  Infra  Red  Spectral  Analysis 

In  order  to  show  the  feasibility*  once  the  encouraging  calculations 
indicated  that  infrared  absorption  bands  proved  attractive*  a  laboratory 
test  was  arranged  using  the  Hilger-  Watts  quart*  prism  spectrometer.  See 
Figure  20. 

The  Light  Source  is  275  watt  3000°K  tungsten  lamp  with  hemispherical 
reflector*  Assume  a  full  50%  is  directed  onto  the  face  oi  the  spectrometer* 
or  137  watts.  The  87  C.  Infrared  W  ratten  filter  removes  all  energy  below 
.  Bp  or  15%  leaving  115  watts*  falling  in  a  circle  of  12  cm.  diameter  or 
115  cml  Since  the  spectrometer  slit  is  only  2  cm.  long  and  5  x  1Q~^  cm. 
■wide,  its  area  is  1  x  10  cm  ,  Therefore,  it  intercepts  only  8,7  x  10“ 
of  the  energy  directed  at  the  spectrometer,  or  1  x  10~*  watts.  About  hall 
of  this  is  lost  in  traversing  the  mirrors  and  quarts  prism  of  the  spectro* 
meter  and  only  5  x  10”^  total  watts  remain.  The  spectral  loss,  due  to 
bandwidth  which  covers  the  spectral  region  from  l.  I3n  to  1.  23u  permits 
transit  of  only  6%  of  the  3000°K*  source,  thus,  the  output  is  3  ~~  t0~^  watts. 

This  is  more  than  sufficient  energy  to  perform  the  tests,  using  an 
uncooled  lead  sulfide  cell  as  the  detector.  Readout  was  obtained  on  a 
vacuum  tube  voltmeter. 
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Laboratory  S«tup  for  Spectral  Absorption  Studios 


soon 


Test  1 

Procedure 

The  apparatus  wee  arranged  a*  in  Figure  20*  The  elit  width  opening 
of  .25mm.  in  the  8k  wavelength  region  ha#  a  dispersion  of  ,  045p.  With  bo 
sample  in  the  tube*  a  S/N  value  of  3  wa#  obtained  at  1.  ldu. 

Table  5  list#  the  relative  spectral  Intensity  curve  oi  a  3000°  K  Black 
Body*  the  relative  spectral  response  oi  an  uncooled  lead  sulfide  photo* 
conductive  ceil,  the  relative  spectral  transmittance  of  the  Ho*  9?  C  Wr alien 
filter*  the  product  of  all  three  factors*  the  S/N  values  obtained  experi¬ 
mentally,  and  finally#  the  S/N  values  divided  by  the  product  of  the  three 
spectral  factors#  to  present  the  behavior  of  benzene  absorption  alone* 

Table  S 

Relative  Spectral  Response  “  ■ 


8  Op 
875|i 
OOp 
05p 
07p 

18p 
26p 

37p 
45n 
535p 
1 . 63u 


I  Radiance 

|  3OO0®K* 

Pb$  Cell 

Filter  | 

1 

Measu 

S/N 

.920 

.  150 

.570 

1.17 

.980 

.  160 

.810 

1.66 

.995 

.200 

.930 

3.  08 

.980 

.  230 

.950 

3.40 

.960 

.240 

.950 

3.  50 

.910 

.  280 

.950 

2.84 

.eio 

.  310 

.950 

3.  18 

.760 

.  360 

.  950 

2.84 

.710 

.400 

.950 

2.  90 

.  650 

.450 

.950 

2.  33 

.580 

.500 

.  950 

3.  18 

15.0 

13.1 

17.1 

15.9 
16.0 
11.7 

13.2 

10.9 
10.9 

8.  35 
12.00 


%  Represents  S/N  divided  by  the  product  of  the  Source,  cell,  and  filter 
response. 

The  last  column  is  plotted  in  Figure  21  versus  wavelength.  Note  the 
correlation  between  these  findings  and  the  data  given  by  the  Matheson^Coleman 
and  Bell  Chemical  Company. 

The  concentration  of  the  source  gas  is  high  (.5  grams  per  liter.) 
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Figure  21 

Relative  Spectral  Absorption  of  Qensene  in  Air 
500  mgm/Lvtor  Vorsus  Wavelength 
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Test  2 

procrigM 

The  teat  wee  repeated  after  the  cell  bad  been  thoroughly  washad  with 
water,  hydrocarbon  solvent  and  purged  with  dry  nitrogen  gas,  The  sample 
releaae  cm  a  second  test  wee  one  broken  toluene  capsule*  or  approximately 
3  mg.  This  concentration.  1.5  mgtn  per  liter  represents  about  200  ppm 
and  was  still  detectable  at  1,  15**,  (See  Figure  22.) 

Figure  £3  represents  an  artist# •  conception  of  the  scanning  long 
range  optical  detector.  There  are  two  sensors,  each  pod  mounted  on  the 
wings,  ea-ch  sweeping  a  60w  Held  of  view,  from  straight  ahead  to  60°  to  die 
side,  giving  a  total  azimuthal  coverage  of  1204*. 

Mechanical  scanning  is  achieved  by  pivoting  about  a  vertical  axis* 

The  package  consists  of  a  lightweight  aluminum  housing,  a  parabolic 
reflector  0  inches  in  diameter,  a  16  inch  focal  length,  folded  by  a  45°  prism 
flat  reflecting  secondary ,  The  prism  ie  moulded  on  a  transparent  window* 
and  the  focused  beam,  after  passing  through  the  narrow  bind  iaiwfcrtsse 
filter,  falls  on  the  face  of  a  sensitive  photomultiplier  tube. 

A  second  scanning  concept  wee  considered,  one  in  which  a  rotary 
scan  was  achieved  with  a  fixed  telescope,  by  means  of  nutation  of  a  wedge 
element  at  the  focus  of  the  beam.  Because  of  the  email  mass  of  the  quarts 
wedge,  mechanical  torque  problems  will  be  very  much  simplified, 

5.  6, 4  Conclusions 

1.  Radiant  energy  in  the  form  oi  scattered  sunlight,  from 
molecular  Rayleigh  scattered  blue  sky  light,  scattered 
sunlight  from  clouds  and  from  canopy  top,  should  pro¬ 
vide  adequate  illumination  for  a  proposed  spectral  ab¬ 
sorption  airborne  detector.  In  fact,  there  appears  to  be 
sufficient  energy  out  to  hy  at  least  an  order  of  magni¬ 
tude  when  coupled  to  a  large  (8'  diameter)  collector  and 
high  sensitivity  (photomultiplier)  detector. 
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Figure  22 

Relative  Spectral  Abaorptic 
1.5  mgm/ Liter  Vera' 
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Z.  Absorption*  tine*  in  the  visible  spectrum  do  not  lend 
themselves  to  this  program,  because  (ho* a  materials 
which  exhibit  *uch  lint*  are  too  reactive,  and  there- 
tore  combine  chemically  with  other  material*  sound 
In  nature#  or  explode  or  in  torn*  other  manner  altar 
tboir  chemical  nature  within  a  abort  period  of  time, 

3.  Molecular  rotational  and  vibrational  tinea  of  hydro- 
carbon*  in  the  near  Infrared  portion  of  the  spectrum 
were  found  in  laboratory  te»tar  demonstrating  a 
degree  of  faaeibility. 

4.  A  e canning  teleecoplo -photomultiplier  detector  for 
long  range  abeorption  detection  has  been  ek etched# 
ntiliaing  an  interference  type  of  filter  for  abeorption 
line  isolation, 

5.  Cloud  forming  agent#  were  atudied  but  did  not  appear 
to  be  very  attractive. 

5.  7  TASK  AREA  VI  -  GROUND  MARKER  TECHNIQUES 
5. 7, 1  Theory 

Tracer  reagent*  already  discussed  were  tbo*e  which  dUfnted  into 
the  atmosphere  and  were  either  earn  pled  and  detected  in  an  aircraft,  or 
observed  u  a  cloud  from  afar. 

Another  technique  related  to  the  latter  principal,  that  ie,  detection 
at  a  distance*  involve*  marking  the  ground  with  reagents  which,  by  a  land¬ 
ing  out  In  «ome  manner  from  their  background,  axe  detectable  from  the 
air, 

5. 7,  L  Materials  -  Technique* 

Dye*  and  stains  released  from  ruptured  capsules  would  theoretically 
mark  spots  on  the  clay,  soil,  loaf,  wooc  or  atone  against  which  they  are 
broken.  It  toomi  however,  that  the  task  of  finding  such  spot*  against  an 
earth  background  would  be  extremoly  difficult  to  implement 


/ 


An  interesting  approach  mi{U  be  the  relu*«  from  fipttired 
sule*  of  reagent#  which  generate  vapors  that  ea  rising*  stain  or  kill 
the  foliage.  Stains  would  affect  the  underside  of  the  canopy  far  monr 
than  the  upper  surfaces.  Defoliants  have  been  employed  extensively 
for  some  time.  What  is  being  suggested  bore*  is  a  chemical  vhkh  in 
killing  or  damaging  the  leaf  discolors  it  to  such  an  extent  that  a  large 
patch  would  be  obvious  to  an  airborne  observer.  Unfortunately*  mast 
plant  killers  work  too  slowly  to  be  useful  in  TREAD  s^icsSioss. 

While  color  staining  agents  on  £be  ground  would  be  almost  im¬ 
possible  to  spot  from  the  airs  capsules  containing  a  highly  reflecting 
material  like  small  pieces  of  broken  glass  mirror*  might  easily  bo 
spotted  by  the  glitter  of  reflected  sunlight.  Unfortunately*  covertness 
would  be  lost.  Guerrillas  walking  along  a  trail  could  see  tbs  guttering 
spots  with  relative  ease. 

The  same  objection  is  true  for  chemicals  which,  on  release  from 
the  capsule®  and  in  the  presence  of  moisture*  stimulate  crystal  growth 
which  cs-a  act  as  diffuse  reflectors  if  they  are  white  or  near-white  in 
color. 

The  one  technique  which  in  this  category  of  ground  snarkara  is 
felt  to  be  of  great  value*  is  the  use  of  fluorescent  markers  winch  can 
be  stimulated  from  the  air  by  the  appropriate  radiant  energy  and  de¬ 
tected  with  the  aid  of  optical  filters. 

While,  in  theory  thvn  should  provide  a  detection  system  which 
can  operate  in  daylight,  practical  considerations  like  the  unavailability 
of  extremely  narrow  baud  filters  to  cancel  out  scatters  sunlight*  limit 
this  application. 

Night  time  application,  however,  should  provide  adequate  ranges 
to  make  this  technique  very  useful.  !n  fact,  this  is  the  only  method  which 
provides  a  positive  night  capability.  Since  much  of  the  guerrilla  activity 
and  movement  takes  place  in  the  dark,  and  since  the  fluorescent  spots 
will  not  dissipate  in  a  short  period  of  time  as  will  the  airborne  tracers, 
detection  of  activity  which  had  occurred  some  length  of  time  previously, 
will  still  be  attainable.  See  Figure  24. 
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5. 7.  3  Laboratory  Testa 

The  original  concept  as  described  in  the  proposal  involved  stimu¬ 
lating  fluorescent  powders  or  liquids  with  ultra-violet  radiation.  This 
would  require  the  use  of  a  high  pressure  mercury  lamp  whose  efficiency 
at  the  appropriate  wavelength  is  low. 

Since  detection  may  be  accomplished  from  low  flying  aircraft  like 
the  F- 100  and  F- 105,  covertness  would  be  compromised  to  some  degree 
and  visible  light  suitably  filtered  may  be  used  instead  of  U.  V.  This  offers 
the  advantage  of  dealing  with  less  exotic,  less  exp* nsive,  more  reliable 
lamps  with  no  special  power  source  problems. 

In  the  laboratory,  we  were  able  to  stimulate  aqueous  solutions 
of  sodium  fluorescein  (uranine)  with  light  from  a  28  Volt  -  40  Watt  tungsten 
aircraft  lamp  whose  energy  was  filtered  through  a  crystal  violet  filter. 

The  filter  was  made  by  dissolving  2  mg ms.  of  crystal  violet  powder  in 
200  cc.  of  dissolved  gelatine.  The  hot  gel  was  then  poured  between  two 
plates  of  boro-silicate  crown  glass  and  allowed  to  cooL 

The  lamp  was  fixed  at  the  focal  plane  of  a  4”  diameter  F4 75  spherical 
mirror,  thus  collimating  the  beam. 

A  small  glass  vial  of  Sodium  Fluoroscein,  diluted  in  ethyl  alcohol 
to  a  concentration  of  1  x  10  ^  was  positioned  at  the  other  end  of  the  labora¬ 
tory,  20  feet  away,  in  the  beam  of  the  collimator. 

The  back  scattered,  fluorescent  yellow-green  light  was  observed 
from  a  distance  of  20  feet  (along  side  of  the  lamp  source)  through  a  green 
Eastman  Kodak  W ratten  Filter  No.  74.  This  filter  reduces  the  yellow- 
green  intensity  of  fluorescent  light  by  2/3  but  reduces  the  purple  back¬ 
ground  to  zero  intensity. 

Figure  25  displays  the  transmissivity  of  a  crystal  violet  filter. 

The  chief  absorption  band  of  uranine  is  indicated. 

Figure  26  indicates  the  relative  energy  output  of  a  3000°K.  tungsten 
filament  and  a  6500°K.  Xenon  Flash  Lamp. 

Figure  27  indicates  the  structure  of  uranine,  its  absorption  and 
emission  lines. 
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Figure  28  indicate*  the  spectral  characteristic*  of  the  Wrattea 
No.  74  filter*  indicating  the  emission  line  of  uranine* 

It  wt*  then  possible  to  reduce  the  intensity  of  the  source  radis* 
t ion  until  the  threrhold  level  was  obtained  (positive  ideatiflesttos  of  the 
glowing  fluorescein  as  seen  through  the  Wratten  No*  74  filter.  ) 

One  could  then  calculate  the  sensitivity  of  the  detector*  in  this 
case  the  N.  £,  P.  of  the  human  eye.  If  these  results  compared  favorably 
with  long  established  physiological  values#  then  it  could  be  said  with 
some  confidence  that  we  had  been  able  to  account  for  aU  radatica  looses* 
The  human  eye.,  when  hilly  dark  adapted#  after  60  minute*#  can 
detect  a  flash  of  0.  Z  seconds  duration#  in  which  approximately  100  photons 
arrive  at  the  cornea.  Only  5  to  10  quanta  are  transmitted  by  the  ocular 
media  and  absorbed  into  the  photo-pigment*  rhodopoist* 

Thus#  the  threshold  level  under  optimum  conditions#  must  be  at 
least  500  photons  sec.  *  *  at  the  cornea*  Assuming  1000  photons  esc*"'* 
as  an  average  value,  and  since  each  photon  of  green  tight  |5iuv  aj  reesra* 
sente  hv  watts  where 

h  *  Plank's  constant  m  6*625  x  10  watte  see* 
v  .  _c_*  >  ,  10™  cm  sec.-l  m  0*59  x  10ls  cyclee/soc* 

1  5.  1  x  I0~5  cm 

h*  *  3.  9  x  10-19  watts  per  photon 

The  threshold  level  is  therefore  3.9  x  10“™  x  1  x  10*  *  4  x  10~™  watts. 
Davison  (Reference  20)  quotes  the  classic  measurement  of  Kohlrausch  to 
show  that#  after  17  minutes  in  the  dark*  the  eyes  are  10  x  as  insensitive 
as  they  are  in  60  minutes.  At  10  minutes*  the  threshold  is  100  x  higher# 
at  7  minutes  it  is  £000  x  higher#  at  3  minutes*  5000  st* 

The  test  conducted  in  the  laboratory  was  conducted  after  5  minutes 
in  the  dark.  The  threshold  value*  or  N.  E.  P.  should*  then#  be  about  3000  x 
4  x  10“*^  or  1.2  x  10’12  watts.  Our  finding  of  6  x  10“*^  is  in  error  by  a 
factor  of  2  which  is  close  enough  to  lend  validity  to  the  measurements* 
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Figure  £5 

Spectral  Transmission  Curve 
of  a  Crystal  Violet  Filter 
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Figure  27 

Uranine  -  Structure  and  Fhoto-Charactoristic 
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Figure  28 

Spectral  Transmission  Curve  of  Written  Filter  No.  74 
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A  second  test  wai  conducted  after  10  minutes  dark  adaptation. 
Th«  threshold  wa»  achieved  with  the  lamp  input  at  7  volt*  and  0.6  amp* 
or  4,2  watt*.  This  should  reduce  the  N.  E,  P.  by  a  factor 


,55.  which 


would  mean  an  N,E,P,  of  3. 3  x  1 0 


-13 


# 


compared  with  4  x  10 


•  14 


Her* 


we  are  in  error  by  an  order  of  magnitude. 

A  third  test  was  conducted  at  a  range  of  30*  instead  of  20*.  After 
5  minute*  of  dark  adaptation,  the  lamp  had  to  bn  set  at  18  watte.  Since 
the  range  had  increased  -|J-  »  1.  5  x,the  input  energy  needed  to  be 
incrcaecd  (1.  5)2  or  2. 25  a.  In  the  first  test.  7.7  watte  wae  the  power 
output.  7,7  x  2.25  *  17, 4  watte,  compared  with  the  18  watte  actually 
found  in  testing.  Again  this  lent  a  degree  of  validity  to  the  measurements. 


The  method  for  determining  these  values  is  indicated  below 
in  the  use  of  formula  f  1 


The  Noise  Equivalent  power  (N.  E.  P. )  * 


I A  X  cr  To  AT  a  Acoll  T  AV 
S/NR2  f2  w*  ~~ 


<>> 


where 


AX 


ev 


To  = 
AT  = 
a  - 
Acoll  = 

TAW74  = 


intensity  of  source  =  1 1  v  x  0.  7  amps  »  7.7  watts 
spectral  transmittance  of  the  crystal  violet  filter 
Integration  of  the  curve  in  Figure  25  indicated  that 
3.-1%  of  all  visible  radiation  is  transmitted.  Since 
visible  radiation  represents  only  7%  of  the  energy- 
radiated  by  a  2900°  K  tungsten  filament  AX  a 
2. 2  x  10“5 

transmission  of  optics  “  0.7 

,  2 

area  of  fluorescent  target  =*  6  cm 

conversion  efficiency  of  uranino  s  1.  00 

area  of  collector  (pupil  of  the  eye)  =  1.5x10  *  cm 

spectral  transmittance  of  Wratten  filter  No.  74  s 

3.  4  x  1  O’ 
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S/N  «  s  ignal- to- noise  ratio  «  1,90  at  N.S.P.  lml 

a  *  rang*  *  20  feet  *  6s  lt>  ctn 

£  ■  focal  length  of  the  collimator  #7.5  cm 

,\N£1>*»  6  x  10-13  watt* 

The  next  determination  to  make  is  thiti  can  we  utilise 
this  detection  method  in  a  practical  eyetem?  Can  ere  detect  email 
•pot*  of  fluorescence  at  sight  from  aircraft  at  reasonable  altitude*? 

5.7.4  DUcussiott 

5. 7.  4. 1  System  Considerations 

The  light  source  casi  be  increased  from  a  40  watt  lamp  to 
250  watt**  The  area  dt  the  udvf£SC«U  target  it  decreased  caesids** 
ably  from  6  cm  to  the  sire  of  a  spot  produced  in  rapturing  a  capsule. 
Figure  29  indicates  site  of  spots  obtained  from  encapsulated 
benseoe.  in  capsules  of  varying  else.  If  we  use  a  capsule  of 
diameter  ■!,$  mm.  the  spot  siae  will  have  an  area  of  130  mm  . 

The  final  major  change  is  the  nature  of  the  detector.  One 
would  ideally  deeire  an  automatic  scanning  device  with  high  sensi¬ 
tivity  in  the  visible  region.'  Use  of  human,  dark  adapted  observers 
ia  not  practical,  nor  is  the  time  constant  of  the  eye  sufficient  at 
aircraft  speeds  at  low  altitudes. 

Assume  an  aircrivft  altitude  of  500  feet,  or  1,5*  10^  mm. 
Since  the  spot  diameter  ia  1 3  mm,  the  angular  subtense  is  therefor* 

- U _ s  a  $.7  x  10*5  rad. 

1.5  x  iO5 

If  the  aircraft  is  flying  at  300  mph  or  450  ft  sec"1,  this 
represents  an  angular  rate  of  a  *  9  rad.  sec  1 
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The  dwell  time  on  .ha  datwetor 


r  m 


Pisld  of  Visw  m  >,T  k  IQ*5  rad 
Angular  Rat*  .  9  rad  tee 


•5 

•*.  t  ■  9.'  %  10  » or  97  ti**c. 

Th#  electrical  b(j>d#tdtii  of  i.Ht  lyittm  Af  a 

T 

2 


A< 


.'t?  x  10' 


•  20, 000  cycle*. 


T.<  N.  E,  p.  of  a  datactor  I*  degraded  by  the  *«jo*r*  root  oi 
iU  bandwidth. 

C<H»id«r  *  eenaiiisn*  pbotomoldplUr  like  th*  RCA  Tub*  7029* 

o 

vrita  a  Mo.  *7  ipeetrsl  response  which  peaks  at  sC>0»  A. 

*-tl 
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It  bu  an  NE1  oi  1  x  10*  * 1  Inmen*.  61no«  it  U  rated  at 
pA  -  Lumen  ~  the  dark  current  is  1. 25  x  10**  %  I0'*1  * 


L25  x  IQ'15  amp*. 

a 

At  the  peak  sensitivity  <5000  A  ).  the  tpectral  torn*  it  Wily  i*  given 
a*  0.085  amp# /watt. 

Thl*  indicates  an  HEP  for  \  cycle  bandwidth  oi  —  ■  » 

,,  .85x10** 

1.47  x  10  ”  watte. 

1  47  x  10'U 

The  sensitivity  of  our  proposed  receiver  it  m 

(U  10*)  Ui 

•  12 

l  x  10  w*tt». 

If  this  detector  is  mounted  behind  a  telescope,  one  can 
now  calculate  the  size  of  the  collector  needed  to  detect  at  500  foot. 

In  using  formula  No.  1,  it  is  found  that  the  collector  area  need  be 
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only  21  cm 2  or  a  diameter  oi  5. 2  cm  (!")* 

If  one  utilise*  ft  6'*  collector,  the  rang*  can  be  increased  to 

1400  feet. 

Froiu  «  practical  consideration,  tht#  system  is  severely 
limited  by  the  else  oi  the  »po*  cm  the  ground  directed  from  the  light 
source.  Even  with  excellent  Intelligence  of  the  location  of  capeule 
dUeemlnatlon  by  the  pilot,  the  use  of  such  ft  narrow  beam  would 
constitute  ft  very  difficult  search  pattern  problem. 

8c earning  is  not  ft  satisfactory  solution  because  of  the  rapid 

speed  of  the  aircraft* 

A  possible  solution  is  to  project  on  the  ground,  a  long  narrow 
fan  beam  of  radiant  energy  at  right  angle*  to  the  pathuf  the  aircraft. 

If  a  cylindrical  convex  lens  or  a  sphero-cylindrical  (Toxic) 
lens  is  utilised  to  project  a  spot  as  a  long  narrow,  astigmatic  streak, 
two  nrouieme  iiv  vcvSttui 

e 

1.  The  proportion  of  line  length  to  range  height  Is 
In  ratio  to  the  projection  lens  diameter  to  the  focal 
length.  Thus,  a  very  small  diameter  lea*  or  long  focal 
length  tens  is  weeded  to  project  a  line  100  feet  at  an 
altitude  of  1000  feet.  This  means  the  use  of  largo  f  number 
lens,  like  Pi  0.  Such  a  leu*  utilise*  a  small  fraction  of  the 
incident  light.  One  tenth  of  a  radian,  squared  equals  .  01 
steradiana,  which  is  only  8  x  10  *  of  the  4w  oteradlaas  being 
emitted. 

2.  The  energy  now  reaching  the  ground  is  spread  out 

over  an  area  of  100  feet  by  10  feet  instead  of  concentrrtvd 
in  the  small  6"  diameter  circle,  thus  the  1  cm  spot  of 
fluorescent  material  is  receiving  end  returning  only  1.  I  x  10  . 

of  the  energy  on  the  ground. 

Even  at  500  feet,  tho  energy  incident  on  the  receiver  will  bo 
reduced  to  10~**  watts  or  2  orders  of  magnitude  below  threshold 
response. 
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Another  idchnlquo  ie  the  use  of  a  long  filament  end  e 
spherical  projection  lens.  Hera,  the  filament  length  end  diameter 
ere  projected  on  the  ground  magnified  in  the  ratio  of  range  to  focal 
length  and  the  ttma  two  problem#  arire. 

A  wry  attractive  solution  l#  offered  by  the  oi<  of  &x#ooa 
flaah  tube.  Theee  have  the  added  advantage  of  approximating  black 
body  aourcee  of  6500°  K  temperature.  Thu#,  the  apeotral  radiant 
output  peak  occurs  at  X  a  0. 45p,  or  very  near  the  absorption  peak 
of  irrutins.  (Sec  Figure  26) 

The  XL  Q,  end  O.  flash  lam pe,  for  example*  can  be  obtained  in 
dimension#  of  aeverai  size#  from  5x1  mm  to  30  x  2  inch##. 

Considering  a  flight  speed  of  300  mpb  or  13.5  x  102  cm  per 
second,  if  the  projecting  optical  system  consists  of  a  6“  (15cm) 
diameter  lens  of  focal  length  e  37. 5  cm.  making  thin  an  F/2. 5 
system;  and  assuming  an  arc  dimension  of  FX-1  type  lamp  (3  Inches 
long  bf  1/2  cm  diameter),  the  projected  spot  on  the  ground  from 
a  height  of  -400  feet  ie  100  feet  x  7  feet. 

Since  the  width  of  the  bar  is.  7  feet  or  about  210  cow 
2 

the  craft  files  at  13.  5  x  12  crn^sec.,  the  number  of  pulse*  per 

second  need  be  only  -AisAjLiiL  ■  60 

2. 1  x  l<r‘ 

Since  the  tube  can  handle  5  joules  (  watt  -  sec.  )  of  energy,  if 
the  duration  of  the  flashes  is  limited  to  20  psec,  (12  peac  l a  the 

limit  of  this  particular  tube),  the  peak  power  achievable  is  5 . . 

250,  000  watts.  20  *  10~ 

The  average  input  power  required  is  7  watts,  and  the  lamp 
can  operate  from  a  28  volt  DC  aircraft  supply. 

The  lamp  requires  a  large  bank  of  capacitors,  but  this  is 
a  small  price  to  pay  for  feasibility.  Another  serious  problem  with 
such  a  strong  peak  pulse,  is  the  need  to  provide  severe  shielding  to 
the  photomultiplier. 

Applying  formula  (1)  where  1  is  now  2,  5  x  10^  watts,  and  the 
light  is  spread  over  a  100  by  7  foot  bar  on  the  ground,  the  range  is 
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500  feet,  one  finds  that  the  N.E.L  »  3x10  watts,  which 
approaches  the  detectable  thresholds 

Due  to  the  difficulty  of  encapsulating  sodium  fluorescein, 
and  because  in  its  non- polar  form,  traoiae  loses  much  of  its 
fluorescent  efficiency,  other  fluorescent  materials  had  to  be  iuves&j" 
gated. 

Among  the  most  efficient  fluorescing  oil  soluble  materials 
are  the  polynuclear  hydrocarbons.  Samples  of  several  of  these 
materials  were  obtained  for  evaluation.  Care  -was  taken  in  the  handling 
of  them  since  they  are  known  to  be  somewhat  carcinogenic.  They 
are  listed  below  with  their  nunrmwi  emission  wavelengths. 


Emission  Maxima 

(mi*) 

Hydrocarbon 

A 

B 

C 

D 

Anthracene 

400 

398 

40i 

sA>« 

WB 

Peiyirae 

440 

438 

— 

443 

Coro  none 

447 

450 

447 

Fluoranthene 

462 

464 

468 

467 

These  all  appeared  to  be  relatively  inefficient  fluorescing  agents 
compared  with  uranine  when  stimulated  by  the  t  ungsten  light  source 
through  the  crystal  violet  filter,  or  the  blue  cobalt  filter.  Perylece 
was  the  best  of  the  group. 

Uader  the  mercury  arc  lamp,  however,  the  3650  A  line,  caused 
high  degree  c£  absorption  in  all  materials,  dilute  perylene  again 
demonstrating  maximum  fluorescent  intensity  on  emission  (the 
dilution  being  on  the  order  of  a  few  parts  per  million  by  weight  in 
xylene  solution).^  While  under  tungsten  radiation  of  300(1°  K 
[1  s  10,  000  A)  perylene  does  not  achieve  the  high  degree  of 
fluorescence  that  "ranine  provides,  it  would  probably  increase^its 
efficiency  under  the  xenon  flash  lamp  radiation  (^m3ix  =  4500  A). 
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Under  the  long  wave  mercury  Arc  (X  ■»  3650  A  ),  it  appear*  to 
surpass  uraoist. 

The  feasibility  of  perylene.  Fluorol  OB  and  Vetva  Glo 

dye  brighteners  a*  emitters  caused  u*  to  re-evaluate  mercury 

sources  a*  airborne  stimulators.  General  Electric  produce*  a 

1000  watt,  high  pressure  mercury  vapor  tube  which  yields  about 

o 

7%  or  70  watts  of  its  output  radiation  in  th*  3650  A  line. 

If  a  F~1.0  optical  system,  utilising  a  sphero-cylindrical 

convex  quartz  lens,  is  used  to  image  a  100  foot  by  10  foot  band  on 

the  ground,  its  collection  efficiency  approaches  5%.  thus  3.  5 

5  2 

watte  are  spread  over  the  ground  area  of  9.0  x  10  cm  .  The 
broken  capsule  spot  of  about  2  cm*,  returns  2. 2  x  10*^  of  thin  energy 
or  7.  7  x  10'6  watts,  ‘this  assumes  a  100%  fluorescent  efficiency. 

Fes’  a  66%  efficiency.  5  x  10'^  watts  are  emitted. 

The  spot  now  acts  as  a  point  source  radiating  into  a  hemi¬ 
sphere.  It  is  detected  by  the  airborne  photomultiplier  with  & 

-12 

previously  calculated  system  sensitivity  cf  10  watts. 

It  is  then  possible  to  calculate  the  useful  range  of  the 
system  since: 

R. 


ch 

NEP 


system  range 

source  intensity  =  5  x  10  watts 

2 

collector  area  for  8"  mirror  -  314  cm 
transmission  of  optics  ~  0.  7 

transmission  of  atmosphere  =  1.0  at  short  ranges 
’’chopper'*  efficiency  =  0.  5 
10*12 


Therefore: 


I.  75  x  10*  cm  =  440  feet 
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Figure  30  indicates  the  artist's  concept  of  the  ground  marker 
detection  system  which  consists  of  a  transmitter  module  and  a 
receiver  module. 

The  light  source  of  the  transmitter  module  is  an  arc  lamp 

like  a  xenon  flash  tube,  but  could  as  r  til  be  a  mercury  high  pressure 

arc.  An  astigmatic  mirror  directs  the  linear  beam  <m  the  ground  as 

described  in  Section  S.  7.  4.  The  window  through,  which  the  energy 

o 

passes  is  coated  with  a  W ratten  type  filter,  centered  at  4500  A  in 

the  case  of  a  xenon  source,  aft  3650  A  if  the  mercury  lamp  is  used. 

The  receiver  module  is  basically  a  telescopic  collector.  A 

parabolic  front  silvered  mirror  primary  and  a  folded  Newtonian 

flat  secondary  focus  the  beam  through  an  optical  filter  on  to  the 

front  of  a  photomultiplier  cell.  The  filter  does  not  match  the 

filter  in  the  transmitter,  but  centers  on  the  emission  line  of 

the  fluorescent  material.  The  problem  of  background  radiation  from 

fluorescence  of  decaying  vegetation  is  still  an  unknown  quantity. 

Chlorophyl  is  fluorescent  at  the  longer  (red)  wavelengths  and  should 

be  totally  removed  by  the  choice  of  appropriate  filters  with  steep 

cut  on  and  cut  off  characteristics. 

It  is  suggested  that  floral  fluorescence  characteristics 

© 

should  be  studied  under  the  illumination  of  the  3650  A  light  source. 

5.  7.  5  Conclusions 

1.  Ground  marking  agents  like  colored  dye  spots  or 
reflecting  particles  appear  unattractive  because  of  low 
detection  probability. 

2.  Fluorescent  materials  can  be  encapsulated. 
Feasibility  has  been  demonstrated  by  the  encapsulation  of 
perylene,  nthracene,  Fluorol-OB  brighteners  and  Velva- 
Glo  orange  dye  brightner.  Capsules  as  large  as  4  to  5  mm 
diameter  have  been  produced  and  opaqued  and  when  broken, 
leave  an  oily  spot  of  more  then  2  cro^  area,  emitting  with 
high  fluorescent  efficiency. 
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Figure  30 

System  Concept  -  Fluorescent 
Ground  Detection 
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3,  Calculation*  and  laboratory  tests  indicate  that  by  use 
t  a  large  etwugh  collector  and  an  intense  enough  source 

(within  state  of  the  art  boundaries)  detection  of  a  small 
fluorescent  spot  is  feasible  from  low  altitude  (under  $00  feet) 
high  speed  (up  to  400  knots)  aircraft  at  night. 

4.  Background  fluorescence  of  naturally  decaying 
flora  and  fauna  do  not  appear  to  be  a  serious  background 
problem. 

5.  8  PERSONNEL.  MARKING  TECHNIQUES 
5.8.1  Theory 

Previous  sections  have  dealt  with  various  methods  for 
putting  tracer  elements  into  the  air  or  on  to  the  ground*  both 
indicating  activity  by  insurgent  forces.  In  these  situations*  the 
reagent  is  disseminated  from  the  air  and  detection  also  is  carried 
on  from  the  air. 

The  methods  of  personnel  markings  to  be  discussed  in  this 
section  allow  for  airborne  dissemination  of  the  marking  agents*  but 
do  not  lend  themselves  to  practicable  methods  of  airborne  detection. 

They  do.  however,  fulfill  a  definite  need  to  the  overall 
tactical  problem  of  locating  and  marking  indigenous  personnel 
operating  for  or  with  the  insurgent  forces.  Ground  detection  of 
activity  by  individuals  and  small  bands  is  essential  for  the  security 
of  friendly  personnel*  materials,  and  weapons.  Military  aircraft* 
airfields,  supply  depots  and  other  installations  must  be  secured 
from  infiltration,  sabotage,  and  surprise  attack.  Friendly  force 
personnel  must  be  appraised  of  the  loyalty  of  local  peoples 
providing  the  labor  force  at  these  installations.  Trails  and  paths 
between  installations,  fortified  hamlets,  et  cetera  must  be  secured 
from  ambush. 

In  the  light  of  these  problems,  the  ability  to  single  out  those 
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indigenous  personnel  who  have  been  marked,  and  thereby  identified 
as  haying  been  in  an  "off  limits'*  area,  or  in  an  area  where  recent 
guerrilla  activity  is  known  to  have  occurred,  gives  us  a  useful 
psychological  as  well  as  tactical  weapon. 

5. 8.  2  Marking  Agents 
5.  8.  2.  1  Skin  Dyes 

Capsules  containing  dyes  which  are  color-fast,  sheet 
crushed  underfoot,  will  stain  the  foot  or  sandal.  If  any  equipment 
is  being  dragged  about  or  set  down*  these  too  will  be  marked. 

Such  dyes  as  eos in.  crystal  violet*  safrania  et  cetera*  are  very 
difficult  to  remove  without  abrading  the  cuter  layers  of  skin. 

Acid  solutions  can  remove  them*  but  largo  supplies  of  acids  ars 
not  readily  available  to  the  insurgents.  A  dye  Ivtke  crystal  violet 
would  probably  remain  for  several  days  to  a  few  weeks  depending 
on  the  wear  given  to  the  skin  or  leather  which  is  ruined.  The 
bright  purple  color  is  not  something  which  could  be  acquired  by 
any  natural  jungle  area  stains.  A  quick  inspection  of  the  soles 
of  a  man's  sudale  or  feet  will  indicate  the  presence  or  absence  of 
the  stain. 

5. 8.  2. 2  Leuco  Dye* 

Unfortunately*  the  stain  ia  an  obvious  one  to  the  man  who 
is  marked.  Not  only  dees  he  know  he  is  marked,  but  might 
quickly  determine  how  it  was  done.  One  solution  to  this  problem  is 
the  use  of  leuco  dyes*  that  is,  dyes  which  in  their  leuco  ©r  un¬ 
oxidized  forms  are  colorless,  and  gradually  in  the  presence  of 
oxygen,  transform  to  the  oxidized  colored  configuration.  Methylene 
blue,  for  example,  appears-  under  special  pH  conditions  in  a 
leuco  form.  Colorless  indoxyl  transforms  to  indigo  a  strong 
bluish  purple  dye.  A  man  so  marked  would  not  have  a  visible 
stain  for  a  period  of  time  and  probably  would  not  associate  the 
color  when  it  did  appear  with  his  walk  along  a  certain  path  or  area. 
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We  have  tried  to  encapsulate  indoxyl,  but  found  that  the 
conversion  from  the  leuco  to  the  indigo  dye  form  requires  more 
rapid  oxidation  than  that  provided  by  the  air*  The  presence  of 
a  strong  oxidising  agent  appears  to  be  required  at  ordinary  temper* 
ature. 

5, 8. 2.  3  Silver-Salt  Reactions 

Many  silver  salts  are  reacted  on  in  the  presence  of  sunlight 
so  that  free  silver  is  reduced  as  in  the  photographic  process* 

If  large  silver  organic  molecules  are  encapsulate  (which  is 
a  theoretical  possibility)  in  opaque  capsules  and  then  are  pressure 
released  onto  the  foot  of  an  individual*  rapid  oxidation-reduction 
should  lead  to  the  depositing  of  small  black  stippled  spots  of  free 
silver  on  the  skin  not  easily  removed  without  a  little  gouging. 

Suggested  silver-organic  molecules  to  be  investigated  are: 

Ag+  +  RSH  +  NHj  --—»■■)  RS  Ag  silver  mercaptide 

Ag+  +  RCOOH  . . —  >  RCOOAg  silver  salt  of  long* 

chain  organic  acid 

Ag+  +  Versene  ■  — ■  >  Ag  Versenate 

silver-organic  complex 

5. 8.  2.  4  Tanning  Agents 

The  same  is  true  for  the  tanning  agents  like  those  now 
employed  in  acquiring  artificial  tan  purchased  in  bottles  at  drug 
stores  everywhere  in  this  country.  The  active  ingredient  i« 
a  white  powder  called  dihydroxy  acetone  which  has  been  used  for 
yeais  as  a  tanning  agent  for  hides  and  as  a  wood  preservative* 

The  manner  in  which  it  tans  human  skin  is  still  something  of  a 
mystery,  but  it  is  known  that  it  affects  only  the  keratin  protein  of 
the  outer  skin  layer.  You  cannot  wash  it  out,  but  the  color  will 
fade  in  a  week  or  so  with  gradual  sloughing  off  of  the  old  skin. 

A  rice  farmer  with  a  tan  on  the  bottoms  of  his  feet  would 
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certainly  be  suspect  of  having  wandered  deliberately  or  accidentally 
into  an  area  seeded  with  dihydroxyacetone  capsules. 

5.  8. 2. 5  Fluoree cent  Agents 

Fluorescent  dyes  can  be  put  into  media  which  will  cling 
to  skin  or  sandal  leather  or  straw*  and  fluoresce  intensely  under 
a  small  hand  held  portable  U.  V.  lamp  like  the  gem  hunter's 
“mineralite".  The  same  fluorescent  materials  discussed  in 
Section  5,  7, 4. 1  are  equally  applicable  here.  The  same  portable 
V.  V.  lamp  can  be  used  by  ground  patrols  for  following  "luminous** 
footprints  where  the  material  has  served  as  a  ground  marker, 
and  then  as  a  detector  of  personnel  markers. 

5. 8. 2. 6  Ineradicable  Stenches 

Another  broad  classification  of  markers,  are  the  olfactory 
agents  which  apply  a  distinguishing  odor  to  the  individual.  The 
human  nose  is  highly  sensitive  to  certain  odors  like 

1.  methyl  mercaptan  4  x  10* *  mgm/liter 

2.  artificial  musk  4  x  10"  mgm/liter 

3.  propyl  mercaptan  6  x  10*  J  mgm/liter 

4.  butyric  acid  9  x  10*^  mgm/liter 

These  odors  are  pervasive*  difficult  to  mask,  and  hard  to 

get  rid  of.  Most  important,  they  are  characteristic.  If  there  is 
nothing  in  the  area  which  produces  a  similar  odor  or  stench,  the 
individual  is  "tagged". 

Again,  the  quality  of  covertness  is  compromised.  A 
guerrilla  stepping  down  and  then  smelling  the  strong  obnoxious 
odor  of  methyl  mercaptan  will  search  the  trail  and  find  the  source, 
small  broken  capsules  still  reeking  of  reagent.  This  may.  however, 
create  a  new  situation  to  our  advantage.  If  an  area  ie  known 
to  the  enemy  to  be  seeded,  he  cannot  go  in  and  neutralise  or 
collect  all  of  the  capsules  the  way  he  might  neutralize  a  known 
mine  field.  He  may  avoid  the  area  rather  than  take  the  chance  of 
being  identified.  This  will  allow  a  large  measure  of  area  denial 
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which  provide*  strategic  or  tactical  advantage, 

5,  8, 2. 7  Time  Delayed  Odors 

The  feature  of  covert sees  would  again  bo  introduced  So 
the  system  if  an  odor  wa*  need  at  a  tag  which  only  appeared  after 
a  time  lag, 

U  ha*  long  bees  known  in  the  industrial  hygiene  field*  that 
tellurium  (T«)  compound*,  wnen  injected  or  inhaled  in  extremely 
•mall  quantities  fv  mkrograott)  by  human  being*  and  many  animal*, 
confer*  a  pronounced  and  long  lasting  garlic  odor  upon  the  breath 
and  body  fluid*.  The  effect  was  first  reported  in  1824  and  we* 
extensively  written  up  in  the  literature  of  industrial  toxicology 
in  the  1940**  and  1950'*.  Compounds  of  the  e.  ^ment  selenium 
(Se).a  eloee  chemical  relative  of  tellurium,  exert  a  similar  hut 
less  pronounced  effect.  In  the  amount*  in  which  they  produce  the 
garlic  odor  syndrome,  tellurium  compounds  are  relatively 
harmless;  no  serious  symptom  of  physiological  disturbance,  aside 
from  nausea  and/or  loss  of  appetite,  have  been  reported. 

The  odor  of  the  breath  and  sweat  of  the  exposed  individual 
is  often  so  marked  as  to  be  strongly  distasteful  to  others,  and  some 
experiences  amounting  to  social  ostracism  have  been  reported  in 
the  literature.  In  all  cases,  the  effect  is  a  prolonged  one  and  may 
last  from  a  few  hours  to  months,  depending  on  the  individual  and 
the  dosage.  The  odor  is  stated  by  most  authorities  to  be  due  to 
dimethyl  telhiride  (CH^l^Te,  the  product  formed  by  the  body's 
detoxification  mechanism,  the  extreme  slowness  of  which  accounts 
for  the  unusual  persistence  of  the  symptom. 

Reisert  (21)  observed  in  1884  that  0.  5  pgtn  of  Te 
(tellurium  dioxide)  taken  orally  by  humans  produced,  within  one 
hour  and  fifteen  minutes,  garlic  breath  which  lasted  for  30  hours. 

In  a  1947  study  on  ascorbic  acid  therapy  for  tellurium  intoxication, 
De  Meio  (22)  found  that  orally  administered  doses  of  1-50  micro- 
grams  of  sodium  tellurite  in  solution  induced  garlic  breath  in  20-30 
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minutes  in  a  test  involving  1 3  men  and  ?  women-  ElemnnUt 
tellurium  an  powdered  metal  wee  found  to  be  much  leee  effective* 

In  the  name  paper-  De  Meio  reported  that  massive  or  repeated 
doses  of  aneorbic  acid  were  effective  in  suppressing  or  eliminating 
the  odor  in  worker*  occupationally  exposed  to  tellurium  duet*  but  be 
did  not  diecuna  the  treatment  for  single  acute  dosages  of  Te 
compound*-  a  eingle  inhaled  or  swallowed  doe*  of  100  miorograme 
would  almost  certainly  produce  a  definite  garlic  odor  on  the  breath* 
but  the  time  of  oneet  and  pcreietence  of  the  eymptor*  are  difficult 
to  predict.  De  Meio  believed  that  the  difference*  in  human  reeponee 
to  the  agent  were  unrelated  to  sex*  body  weight#  or  diet* 

If  a  large  group  or  column  of  men  broke  a  number  of 
capeulea  and  kicked  up  *ome  of  their  contest*  with  the  duet*  it 
in  conceivable  that  enough  material  would  become  airborne  mo 
that  tome  of  the  men  immediately  following  tboee  who  did  the 
capsule  breaking  ‘would  inhale  enough  tellurium  to  •develop  wiwis 
a  matter  of  hoar*  a  per*i*tent  garlic  odor  of  the  breath,  aweat* 
urine*  free*,  and  •  alive. 

5.  8. 3  Pbcanioa  and  Cone  hi*  ion* 

To  the  degree  that  these  agent*  are  not  noticeable  to  the 
insurgent,  and  to  the  degree  in  which  they  persist,  all  of  the** 
personnel  marking  agent*  are  useful.  Unfortunately*  none  lend 
themselves  to  airborne  detection. 

Ia  the  last  stage*  of  the  program*  the  problem  of  being 
able  to  produce  largo  capsule*  without  compromising  capsule  wall 
integrity  was  solved*  Having  at  our  disposal  capsule*  of  3*  4*  or 
5  mm  diameter  permits  us  now  to  contemplate  new  and  intriguing 
ideas  to  enhance  the  TREAD  concept. 

For  example,  it  would  not  be  unreasonable  to  think  of 
loading  a  capsule  with  a  fine  fluorescent  powder  and  a  material 
which,  when  exposed  to  air  or  moisture  on  capsule  rupture, 
explodes  and  sprays  an  aerosol  or  a  dust  cloud  several  feet  into 
the  air  so  that  fluorescent  or  dye  particles  spray  all  over  a  man's 
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body,  clothing,  hair,  tad  tqulpmtat*  It  i*  tvta  « oocclvabl*  tlitt 
thi*  material  could  tb«»  be  detected  ixom  *  low  ft /tog  tirertft* 
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6,  0  SUMMARY  AM)  CONCLUSIONS 

In  a  four  month  program  which  rpanord  the  period  25 
June  to  24  October  involving  more  than  2000  man  hours  of  library 
research,  calculations  laboratory  tests  and  experimentation, 
and  field  tripe,  the  TREAD  concept  wu  given  intensive  study.  As 
a  result  of  this  study,  feasibility  for  certain  portions  of  the  program 
was  demonstrated,  nonfeaslbUtty  for  other  portions  wee  determined; 
several  areas,  not  receiving  sufficient  study,  were  left  indstsr- 
naioant.  Only  those  areas,  however,  which  did  not  appear 
attractive  were  included  in  the  category  of  insufficient  study.  Study 
In  certain  areas  of  investigation  led  to  new  problems  which  could 
not  be  encompassed  in  the  present  program.  These  are  discussed  in 
Section  7. 0. 

The  following  statements  incorporate  a  summary  of  findings 

and  iho  major  conclusions  Slid  orawdimS  uiawu  uuui 

1.  Tracers  A  list  of  various  reagents  to  bo  used  as  air 
tracers,  ground  tracers,  and  personnel  tracer*  was  drawn  up  and 
encapsulation  of  these  reagents  attempted. 

A.  As  an  airborne  contaminant  or  tracer,  it  was  decided 
to  encapsulate  a  low  molecular  weight  hydrocarbon  which  could, 
by  a  transfer  method,  have  tagged  (radioactive)  carbon  eubetitute 
for  the  nonradioactive  carbon  atoms,.  Bensene  and  toluene  as  well  a* 
the  heavier  diethylbensene  were  a)!  success?  ally  encapsulated. 

No  attempt  was  made  in  this  study  to  carry  on  radioactive 
transfer. 

B.  Since  the  airborne  vapor  detector  scheme  involving 
exchange  of  tagged  atoms  in  an  airborne  exchange  bed  required 

HC1  vapor,  the  encapsulated  material  of  choice  had  to  be  a  chlorinat¬ 
ed  hydrocarbon.  Several  reagents  were  rejected  because  their 
low  boiling  points  made  them  incompatible  with  the  encapsulation 
technique,  Cis  -1,2*  dichlorethylene  was  encapoulated  but  the 
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Internal  phase  was  lost  during  drying  operations,  Finally  1,  1*  1- 
trichlorocthaite  diluted  with  toluene  or  isoccta&s  war  succsssfu Uy 
encapsulated, 

C,  A*  a  material  needed  to  demonstrate  absorption*  band  a 
in  th«  n«ar  infra- red  region  of  the  spectrum  for  long  rang*  optical 
detection,  benzene  and  toluene,  already  encapsulated,  w c\"o  oboe on, 

D,  Ac  a  fluorescent  ground  marker,  sodium  flttcrecoeta 
was  selected  because  of  Its  high  efficiency  and  absorption  of  energy 
from  tungsten  or  xenon  sources.  When  it  was  found  too  difficult 
to  encapsulate,  it  was  rejected  in  favor  of  the  polynuclear  hydro* 
carbons.  Both  anthracene  and  pevylea#  in  xylene  were  eocapeulated. 
Fluor ol- OB  dye  brighter  was  also  successfully  encapsulated  in 

a  cotton  seed  oil  substrate. 

E,  While  a  large  number  of  dyes,  looco  dyes,  stains, 
asd  olfactory  markers  wore  studied,  only  a  few  were  encapsulated 
to  show  feasibility.  Velva-Glo  dye  brigktener  •  orange  in  a  sub¬ 
strate  of  silicone  oil  proved  highly  successful.  Velva-Glo  dyes 
can  be  obtained  in  nine  different  colors.  Black  enamel  paint 

was  also  encapsulated  as  was  cinmunaldehyde,  a  staining  agent. 

2.  Capsules  w*r«  given  a  multitude  of  tests  to  determine 
thsix  shear  strength,  elasticity,  water  impermeability,  ability  to 
withstand  temperature  and  pressure  extreme*  et  cetera.  With 
the  exception  of  poor  water  impermeability  of  some  batches  of 
capsules,  they  met  all  of  the  other  requirements.  Laboratory 
tests  proved  that  thw  collapse  of  some  capsules  in  water  with 
subsequent  lose  of  reagent  was  of  a  physical  nature  involving 
hydration  of  the  protein  wall  rather  than  bioiytic  activity  like 
bacterial  digestion  or  enayme  lysis. 

Several  step*  taken  to  prevent  this  occurrence  Included 
the  use  of  hydrophobic  material*  in  or  on  the  walls,  the  use  of 
substrates  or  diluent*  with  little  or  no  water  solubility,  the 
tightening  of  the  polypeptide  linkage  during  capsule  wall  formation. 
Each  method  individually  or  in  combination  with  the  others  seem* 

- 120- 

SECRET 


SECT 


to  have  eliminated  the  problem. 

3.  gaviroMnental  conditions  which  might  alter  the 
dispersal  behavior  of  air  dropped  capsules, or  affect  their  life 
on  the  ground,  or  which  influenced  the  releaeed  tracer  after 
liberation  from  the  ruptured  capsule,  iron  studied. 

A.  Dense  foliage  appears  to  spread  the  capeule 
distribution  causing  n  lower  ground  density  thsr.  that  found  in  open 
areas  by  as  much  m  a  factor  of  10. 

D.  Capeule  life  time  in  the  abeence  of  pressure 
rupture  is  dependent  on  the  gradual  diffusion  lots  of  reagent 
which  should  take  many  months,  unless  waterproofing  has  not 
been  adequate*  In  which  case*  lifetimes  of  days  to  weeks  is 
probable. 

C.  Larger  capsules  (2*4  mm  diameter)  are  easily 
ruptured  by  *n  adults  -footstep  when  ho  is  wearing  shoes,  on  clay 
soils,  grass  and  firm  soils. 

D.  Ml  crometeorologlc&l  factors  such  **  local  inversions 
and  lapses,  wind  velocities,  terrain  features  causing  eddy*  and 
turbulence,  all  affect  markedly,  the  distribution  of  released 

gases  in  the  air.  Dye  dispersion  experiments  and  field  trips  to 
forested  area*  where  cloud  forming  agents  were  released 
indicate  that  these  are  a  complex  set  of  factors  which  require 
more  study.  Afternoon  inversions,  for  example,  will  tend  to 
hold  down  released  gases  which  would  have  to  be  sampled  before 
the  late  afternoon  rains  and  accompanying  lapse  rate  conditions 
with  high  wind*  and  turbulence  set  in, 

4.  Two  disseminating  ayoterna  were  derived,  one 
fuselage  mounted,  the  other  pylon  mounted.  They  are  essentially 
similar  in  that  capsules  contained  in  polyethylene  cannisters 

set  Into  pigeon  hole  wells  are  released,  one  cannister  at  a  time, 
by  an  automatic  firing  mechanism  which  l*  pre-set  before  the 
mission.  Air  velocity  flow  through  the  system  is  kept  constant 
by  automatic  feedback  from  a  pitot  velometer  to  a  variable 
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opening  valve. 

Ground  concentration  in  capsules  per  square  foot  is 
determined  by  the  aircraft  altitude,  air  velocity  through  the  disseminator* 
capsule  release  rate  in  pounds  per  second*  and  configuration  ©£ 
air  outlet  duct. 

5.  Airborne  Sampling  Tracer  Detection  Laboratory  tests  indicate 
that  the  exchange  bed  concept  for  use  in  the  air  contaminant  sampling 
sensor  is  feasible.  Chemical  detection  means  were  utilised.  Cal* 
eolations  indicate  that,  theoretically,  seven  orders  of  magnitude  more 
sensitivity  might  fee  expected  from  a  radiological  exchange.  Prom 
practical  considerations  such  as  exchange  efficiency  and  pyrolysis 
efficiency,  the  realizable  sensitivity  increase  over  chemical  detection 
methods  is  more  like  two  orders  of  magnitude.  Efficiency  of 
exchange  in  the  laboratory  was  determined  to  be  0.  37  as  compared 
with  the  theoretical  0,  SO,  Whether  this  high  level  of  efficiency  can 
be  maintained  ia  the  airbovss  instrumental  concept  with  very  high 
flow  rates  remains  to  be  determined. 

6.  Long  Range  Optical  Detection  of  Airborne  Tracers 

A.  A  study  of  various  means  for  long  range  optical 
detection  indicated  that  the  release  of  colored  gases  from  capsules 
is  unlikely  from  theoretical  considerations.  Cloud  forming  agents, 
especially  with  delayed  reactions  appear  attractive  hut  insufficient 
evidence  was  gathered  to  show  feasibility.  Other  markers  seen 
from  a  distance  suffer  from  lack  of  covertness  as  in  the  case  of 
reflecting  particles,  or  poor  detectability  as  in  the  case  of  colored 
ground  stains. 

B.  Airborne  vapor  detection  by  spectral  analysis  of 
absorption  and/or  fluorescent  lines  in  the  visible  spectrum  proved! 
to  be  unfeasible.  The  same  was  true  of  the  ultraviolet  spectrum. 

C.  The  near  infra-red  spectrum  containing  absorption 
lines  due  to  molecular  rotations  and  vibrations  appeared  attractive. 
Encapsulate  hydrocarbons  like  benzene  and  toluene  have  several 
absorption  lines  between  0.  8p  and  1.  5*a. 
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Laboratory  test*  utilizing  these  vapors  m  a  long  path  c«U 
and  a  Hilgcr- Watt:*  quarts  prism  spectrometer  proved  the 
feasibility  of  detection. 

D.  Scattered  sunlight  from  cloud*,  blue  sky  and  even 
the  green  canopy  appears,  in  calculation,  to  be  sufficient  when 
coupled  with  a  large  aperture  telescopic  collector  and  a  highly 
sensitive  photomultiplier  tube;  to  locate  clouds  of  these  vapors  if 
they  are  of  sufficient  concentration. 

7.  Ground  marking  reagents  appear  unattractive  in 
daylight  operation  although  they  should  not  he  ruled  out  entirely. 
Fluorescent  markers  appear  in  calculations  to  be  detectable  from 
aircraft  at  altitudes  under  600  feet  at  night.  A  system  design 

is  suggested  in  which  a  xenon  or  mercury  arc  source  in  a 
stimulator  module  is  directed  in  a  fan  beam  at  the  earth.  Fluorescent 
spots  emitting  radiation  from  broken  capsules  tern  as  tbs  source 
which  is  sensed  by  a  detector  module  consisting  of  a  telescopic 
collector,  filter,  and  photomultiplier. 

8.  Personnel  markers  including  dyes,  lettco  dyes 
tanning  agents,  silver  stains,  fluorescent  dyes,  and  olfactory 
markers  were  studied.  Encapsulation  of  Velva-Glo  dye  bright© ner- 
orange  in  silicone  oil  provided  a  colored  dye  which  also  fluoresces 
strongly  under  mercury  light  (3650  X  ).  While  these  ayenis  do 

not  lend  themselves  to  detection  from  the  air  (primarily  staining 
the  feet  and  shoes),  one  can  conceive  of  new  uses  for  larger 
capsules  so  that  explosives  send  a  cloud  of  marking  agent  into  the 
air  covering  the  man  »  his  clothing  and  equipment.  This  eUiaisg 
or  fluorescent  material  might  then  prove  to  be  detectable  from  the 
air. 

As  a  general  statement  of  summary,  one  can  conclude  that 
the  TREAD  concept  through  the  use  of  multiple  tracers  in  the  air. 
on  the  ground,  and  on  the  insurgent,  provides  a  feasible  means  for 
marking  and  detecting  troops.  The  use  of  capsules  provides  a 
unique  and  successful  method  for  disseminating  these  reagents 
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to  that  they  remain  inactive  on  the  ground  until  activated  by 
troop  movement. 
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7.0  REC OMXtEND ATIONS 

Tb«  i  6- week  program  was  cufjfic  ient  to  develop  the  major 
featu re*  of  the  system  concept.  Several  reagents,  techniques  and 
programs  could  not  be  included  because  of  the  time  restriction. 

-ar*t  a  number  of  task  areas  of  the  study  were  not  explored  to  the 
depth  that  was  perhaps  warranted.  Enough  data  and  information 
have  been  collected  to  permit  definition  of  the  specific  problem 
areas,  and  the  following  recommendations  are  made; 

1.  In  the  area  of  encapsulation,  those  reagents  found 
to  offer  promise  as  useful  tracers  but  not  as  yet  encapsulated 
should  be  encapsulated,  if  this  is  feasible,  and  tested  for  stability 
and  release  characteristics. 

2.  Study  should  be  devoted  to  producing  double 

capsules  (L  er  capsules  within  capsules},  or  (joined} 

capsules  to  permit  a  more  versatile  use  of  mixed  reagent. 

3.  The  problem  of  "scaling  up”  the  encapsulation  process 
to  large  batch  production  requires  further  investigation  and  develop¬ 
ment,  The  successful  synthesis  of  one-pint  batches  does  not 
necessarily  guarantee  successful  production  of  eight-gallon  batches 
by  the  mere  scaling  up  of  ingredients  and  equipment  by  a  factor 

of  64. 

4.  There  are  gaps  in  our  understanding  of  the  environmental 
factors  affecting  the  diffusion  of  tracers  in  the  atmosphere.  Data 
from  Dugway  Proving  Ground  studies  and  Bis  sett- Berman  Corpora¬ 
tion  investigations  make  it  apparent  that  a  more  detailed  shady  of 
inversion  conditions  in  the  atmospheres  of  heavily  forested  tropical 
areas  is  essential.  Other  environmental  tests  which  should  be 
carried  out  include  the  release  of  large  numbers  of  capsules  through 

a  real  forest  canopy  for  the  purpose  of  studying  distribution,  and 
release  of  cloud-forming  materials  in  a  representative  tropical 
environment  in  order  to  study  concentration  and  dilution  problems. 
Background  samples  of  tropical  air  should  be  collected  and  analyzed 
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to  determine  whether  trace  quantities  of  hydrocarbons  and  chlorinated 
hydrocarbon*  exist  to  produce  a  background  level  of  any  consequence. 

5.  The  disseminator  should  be  fabricated  and  aircraft* 

mounted  for  testing. 

6.  Capsule  breakage  and  agent  release  characteristics 
should  be  tested  under  controlled  simulated  field  conditions,  and 
laboratory  experiments  should  be  carried  out  to  prove  the  operational 
feasibility  of  the  radioisotope  exchange  detection  system. 

7.  The  feasibility  of  using  absorption  lines  of  hydro* 
carbons  in  the  near  infra-red  spectrum  should  be  given  further 
investigation  using  a  photomultiplier  as  the  detector,  and  a  narrow 
band  interference  filter  (Instead  of  a  spectrometer  prism)  to 
isolate  the  absorption  line.  The  development  of  the  prototype 
hardware  for  a  scantling  long-range  optical  detector  would  follow 
these  tests. 

8.  Prototype  hardware  for  the  fluorescent  ground  marker 
detector  should  be  developed  and  tested. 

9.  experimentation  should  be  carried  out  to  develop 
capsules  which  will  burst  under  foot  with  sufficient  violence  to 
spray  their  contents  upon  nearby  men  and  equipment. 

10.  The  development  of  reagent-filled  capsules  which 
rupture  in  predictable  time  intervals  should  be  pursued. 
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APPENDIX  I. 

TROPICAL  WET  SEASON  WEATHER 

Table*  B- 1  to  B-t  summarise  U.*  weather  recorded  at 
•even  locations  ie  the  Darien  Jungle  o f  Panama  during  the  high  t«a 
rainy  period.  The  data  were  taken  during  the  period  30  August  to 
29  September  1961  and  observed  by  Bi»sett«  Berman  personnel. 
This  information  together  with  text  material  from  some  of  the 
other  reference*  i*  the  ban  is  for  the  *.  nunary  table  presented 
in  Section  5.3.1.  1. 
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APP£?S>IX  c 

The  following  information  is  presented  here  a*  a  basis  for 
analysis  of  tropical  environmental  conditions  classified  according 
to  K&jppcn  (Reference  7)* 

A:  Tropical  rainy  climates*  temperature  of  the  coolest 

month,  above  64.  4°  (»8°C-  )-  Vith  monthly  temperatures  lower  than 
64. 4°  certain  sensitive  tropical  plants  do  not  thrive.  This  is 
the  realm  of  plants  known  as  megatherms  which  need  continuously 
high  temperatures  and  relatively  abundant  precipitation.  Within 
the  A  group  of  climates  two  main  types  are  recognised*  one  in 
which  there  is  adequate  precipitation  through*^  the  year*  while 
the  other  contains  a  distinctly  dry  season  which  affects  vegetation 
adversely. 

Af:  tropical  wet  climate  f:  rainfall  of  the  driest 

month  is  at  least  2.  4  in.  (6  cm.  J.  Within  this 
climate  there  is  a  minimum  of  seasonal  variation 
in  temperature  and  precipitation,  both  remaining 
high  throughout  the  year* 

Aw:  tropical  wet  and  dry  climate;  w:  distinct  dry 

season  in  low»sun  period  or  winter.  A  marked 
seasonal  rhythm  of  rainfall  characterises  Aw 
climates;  at  least  one  month  must  have  less  than 
2.  4  in.  (6  -cm. ).  Temperature  is  similar  to  that 
in  A£<> 

Other  small  letters  used  with  A  climates  are  as  follows: 

m(monsoon)  :  short  dry  season,  but  with  total  rainfall 

so  great  that  ground  remains  sufficiently  wet 
throughout  the  year  to  support  Tainforest.  Am  is 
intermediate  between  Af  and  Aw,  resembling  Af 
in  amount  of  precipitation  and  Aw  in  seasonal 
distribution.  In  both  Aw  and  Am  the  rainfall  of 
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the  driest  month  is  below  2,  4  be.  (6  cm, ). 

Whether  it  is  Aw  or  Am  depend!  upon  the  total 
amount  of  rainfall  and  the  amount  occurring  in  the 
driest  month.  For  example,  when  the  total  amsasl 
rainfall  is  5©  in  the  boundary  between  Aw  and  Asa 
is  1.94  is.  for  the  driest  month;  less  than  this  us 
Aw;  more  than  this,  but  less  than  2. 4  in.  .is  Am. 

At  60  in.  annual  total  the  Am/ Aw  boundary  is  1.55: 
at  70  in.  1.  15;  at  90  in.  0. 54.  The  boundary 
between  Am  and  Aw  is  expressed  by  the  formula 
a  -  3.94  -  r/25.  where  r  is  the  annual  rainfall 
in  inches  and  a  the  rainfall  during  the  driest  month 
If  with  a  given  annual  rainfall  the  rainfall  of  the 
driest  month  is  greater  than  the  value  of  a  as 
obtained  by  the  proceeding  formula,  the  climate  is 
Am;  if  smaller  than  a,  it  is  Aw. 
rainfall  maximum  in  autumn. 

two  distinct  rainfall  maxima  separated  by  two  dry  season, 
dry  season  during  high-sun  period  (rare), 
range  of  temperature  between  warmest  and  coldest 
months  less  than  9°  (5°C.  ). 

Ganges -type  of  annual  march  of  temperature; 
hottest  month  comes  before  the  solstice  and  the 
summer  rainy  season. 
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APPENDIX  D 

DAILY  RAINFALL  PATTERNS 

The  hour*  in  which  the  greatest  rainfall  occur*  throughout 
the  year  in  Bangkok,  Thailand  (Am  climate)  are  summarised  in 
Table  C-S,  The  table  shows*  for  example,  that  in  January 
most,  of  the  precipitation  falls  during  the  hours  from  0800  to 
1400  and  in  August,  during  the  hours  from  1400  to  1011, 
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Tabl«  2 


oil  Moisture 


2 


oil  Moisture 


{FINAL.  COUNT 


0  i  1 


10  10  10 


0 


10  j  10  (  10  { 


Capsule  Tc3t,  Experiment  1:2 
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APPENDIX  F 

DISTRIBUTION  OF  SEEDS  .  HELICOPTER  SOWN 

The  following  table*  summarize  work  carried  on  by  the 
U.  S,  Department  of  Agriculture*  Forestry  Service,  in  reseeding 
burnt  out  timber  land*  from  low  flying  helicopter*  toeing  centrifugal 
feed  hopper*. 

Table  1  demonstrate#  the  influence  of  wind  speed  and 
direction  on  grow d  distributioo  of  various  types  of  seed. 

Table  2  indicates  the  effect*  of  sowing  rate  in  pound* 
per  acre  or  grown!  distribution  for  various  type*  of  seed. 
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Table  2  —  Distribution  o t  seed  in  helicopter -sown  swath,  by 
species  and  sowing  rate 


Lb*,  /acre - Number  of  seed*  gar  square  foot.  - 


Ryegrass 

20*2 

0 

0 

11 

41 

108 

113 

104 

44 

0 

0 

12.0 

0 

2 

9 

25 

61 

64 

45 

23 

0 

0 

6.4 

0 

0 

1 

15 

24 

26 

25 

4 

1 

0 

0.8 

0 

0 

1 

3 

3 

5 

3 

1 

0 

0 

Blando  brome 

9.7 

2 

9 

13 

32 

85 

50 

23 

7 

0 

0 

3.0 

0 

0 

11 

16 

20 

23 

16 

9 

0 

0 

0.0 

0 

0 

1 

4 

5 

5 

5 

2 

0 

0 

Big  blucgrase 

1.7 

0 

2 

11 

28 

43 

28 

26 

10 

0 

0 

Orchard  grass 

4.3 

0 

1 

9 

28 

39 

59 

51 

11 

7 

1 

1.6 

0 

1 

3 

11 

20 

15 

14 

4 

0 

0 

Smllo 

1*7 

V 

2 

5 

•  / 
IV 

28 

26 

IK 

• 

4 

9 

0 

Hardinggras* 

5.  1 

0 

0 

9 

27 

38 

52 

27 

13 

0 

0 

Wheat  grasses 

9.6 

0 

0 

2 

11 

18 

19 

16 

5 

0 

0 

8.6 

0 

0 

3 

10 

24 

23 

9 

3 

0 

0 

6.8 

0 

0 

4 

9 

15 

18 

11 

1 

0 

0 

Tall  fescues 

2.2 

0 

0 

2 

11 

13 

12 

7 

1 

0 

0 

1.6 

0 

0 

0 

4 

7 

7 

5 

2 

0 

0 

Mustard 

15.4 

2 

14 

32 

62 

73 

70 

57 

27 

2 

0 

If  Calculated  from  total  seed  caught  for  each  mixture  in  each 

swath  trial,  based  on  counts  of  seed  per  pound* 

Zf  Numb©?  of  feet  west  and  east  of  the  center  of  each  swath  rather 

than  from  the  center  line  of  the  Dying  course. 
if  Average  of  4  to  24  sample  stations. 
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